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NEW YORK CITY WATER SUPPLY. 
BY WILLIAM W. BRUSH, ENGINEER OF DISTRIBUTION, BOARD OF 
WATER SUPPLY, NEW YORK. 
[Read September 9, 1909.] 

The present city of New York is divided into the boroughs of 
Manhattan, Brooklyn, The Bronx, Queens, and Richmond, these 
boroughs, with the exception of Manhattan, being made up of 
many communities which, prior to consolidation, were incorporated 
as villages, towns, and cities. About twenty-five separate systems 
of water supply served the territory covered by Greater New York, 
and practically all these systems are stil] in use. To give, in this 
paper, an intelligent idea of the New York water supply, only the 
large systems can be described in any detail, and borough lines will 
be the basis of division. As one supply is used for Manhattan and 
a portion of The Bronx, these boroughs will be taken together, and 
Brooklyn, Queens, and Richmond treated separately. 

The new supply from the Catskills is the first system that has 
been designed to supply water to all the boroughs comprising the 
greater city and will practically cross-connect all the existing 
systems. 


BOROUGHS OF MANHATTAN AND THE BRONX. 

During the latter part of the eighteenth and the early part of the 
nineteenth centuries, several attempts were made to furnish a 
water supply from wells on Manhattan Island, but the quantity 
and quality of the water were so unsatisfactory that the intro- 
duction of a water supply system for what is now the Borough of 
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Manhattan may be properly said to date from 1842, when water 
from the Croton River was first utilized, the population at that time 
being about three hundred and fifty thousand. This supply was 
‘supplemented by an emergency supply from the Bronx and Byram 
rivers, the Bronx supply being introdueed in 1884, and the Byram 
in about 1897. The available supply from the Croton River was 
greatly increased by the construction of the new Croton aqueduct, 
which was put into service in 1890, and by the extension of the 
‘Croton Reservoir system, which is stil] in progress. 

The Croton supply is taken from the Croton River, which lies 
about 30 miles to the north of New York City and discharges into 
the east side of the Hudson River. The watershed is hilly, having 
a comparatively impervious soil, and is rather sparsely settled, 
except in the immediate vicinity of several thriving villages located 
within the boundaries of the drainage area. The total tributary 
area is 360 square miles, of which about 19.3 square miles are 
water surface. The main dam, known as the New Croton Dam, is 
constructed across the valley about 6 miles from the point where 
the river joins the Hudson. This dam is of rubble masonry, faced 
with ashlar, having its foundation on rock, the lowest point 
of the foundation being 123 feet below the river bed, which at this 
point is 173 feet below the top of the dam. The crest of the spill- 
way is at an elevation* of 196 for 250 feet, and at an elevation of 
‘200 for the remaining 750 feet. The water level can be raised by 
flashboards to an elevation of 202, the top of the dam being at 
elevation of 210. The dam, including a spillway of 1 000 feet, is 
2 168 feet long and contains about 850 000 cubie yards of masonry. 
Construction was commenced in 1892 and the works sufficiently 
completed to be used in 1905. The total cost, including land, was 
about $15 000 000. The reservoir formed by this dam is 20 miles 
long and has a storage, at the spillway level, of nearly 38 000 m. g.,t 
of which about 31 000 m. g. are above the invert of the aqueduct, 
and, therefore, ordinarily available. The original, or Old Croton 
Dam, which is located about 3 miles above the new dam, is flooded 
by this reservoir to a depth of 34 feet. 
~~ * All elevations given refer to the datum used for the respective systems. The datum for 
the Board of Water Supply is mean sea level at Sandy Hook, which is 0.5 feet above the 


Croton datum and 1.7 feet below the Brooklyn datum. 
tm. g. stands for million gallons and g. d. for million gallons daily.” 
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TABLE No. 1. 
RESERVOIRS ON CROTON, BRONX AND ByYRAM WATERSHEDS. 


Storage, Tribu- 
Eleva- 
Year when ton of | Water | including tary 


Ng | Surfs sh- 
Spillway.| Surface. | 
eet. Sq. M. 
Croton. 
| 1842 166 0.760 ; 2000) 339 
Boyd's 1873 600) (0.486) 2730) 21 
Middle Branch............| 1878 380 | 0.672 | 4160; 21 
Bast Branch ............. | 1891 417 | 0.898 5 240 | 73 
1891 417 | 0.640; 4400) 4 
Titicus.. 1893 | 325 1.103 | 7620! 23 
West Branch............. 1895 | 503 | 1.560 10730 4 
Amawalk.. 1897 | 400 | 0.940 | 7090) 71 
New Croton..............| 1905 | 200 } 5.574 26110¢ 360 
Muscoot..................| 1905 | 2005; °°** |) 5700 | 
Cross River............... 1908 330 1.310 10920 29 
Croton Pauls... Under con- 
| struction | 310 1.910 15780 100 
Fourteen natural ponds ....; 1870 | 2060 
Bronx and Byram 
Lake | 1884 250 0.39 1797 22 
Byram reservoir..| 1897 0.12 180 | 8 
Byram Lake. . 1897 0.25 664 | 
Wampus Dake... | | 0.08 60 
| 4141 


An auxiliary dam, called tl the Muscoot hideeee has om built to hold 
the water in the upper end of the New Croton Reservoir when the 
water in the main portion of the reservoir is drawn down, to avoid 
exposing large areas where the water is shallow when the reservoir 
is full. Eight auxiliary reservoirs have been formed by masonry 
dams and earthern dikes, constructed on the various tributary 
streams and branches. The stored water in these reservoirs is 


* Includes: all ponds on n watershed. “There : are 28 ponds in addition to those noted above, 


or a total of 52. 
+ There are 6 123 m. g. in the Croton Reservoir below the aqueduct level, and, there- 


fore, not available without pumping. This storage is not included in the contents as given. 
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discharged, as required, into the natural water courses and allowed 
to flow to the main reservoir. Fourteen lakes and ponds are also 
utilized to some extent for storage. 

The Croton Falls Reservoir, which is now under construction, 
will give an additional storage reservoir on what is known as the 
west branch of the Croton River, and a diverting dam and channel 
will convey water from the east branch into this reservoir. Upon 
the completion of this reservoir, the total available storage, includ- 
ing that obtained by flashboards, will be about 105000 m. g., 
which is equivalent to 290 m. g. per square mile of watershed. 

The yearly rainfall on the Croton watershed averages about 48 
inches, and the estimated safe minimum yield, based on the 
stream flow as measured since 1868, and assuming the completion 
of the Croton Falls reservoir, is 336 m. g. d., which is equivalent 
to 930 000 gallons per square mile of watershed. With the present 
large water surface the evaporation exceeds at times the minimum 
monthly flow. 

There are two aqueducts available to convey the water to the 
city, the intake being at a large gatehouse located just below the 
Old Croton dam. These aqueducts are known as the ‘“ Old” and 
“New ” Croton, respectively. The Old Croton Aqueduct has its 
invert at elevation of 153, having, in general, interior dimensions 
of 74 feet wide by 8 feet high, giving a cross-section of about 53 
square feet. Its slope is 1.1 feet per mile, with a capacity of about 
80m. g.d. The aqueduct is 34 miles long, of which 4 miles are in 
earth or rock tunnel, the remainder being cut-and-cover section. 
The New Croton Aqueduct has its invert at elevation of 140, is 
usually of horseshoe shape, 13.6 feet wide and 13.5 feet high, with 
an area of 154 square feet. The slope is .7 foot per mile and it 
has a capacity of 300 m. g.d. The aqueduct is almost wholly in 
rock tunnel, it is brick lined and is 31 miles long, of which only a 
little over 1 mile is cut-and-cover. The total aqueduct capacity 
for the Old and New Croton is slightly less than 400 m. g. d. 

The aqueducts are now connected to a large receiving and 
equalizing reservoir, known as the Jerome Park Reservoir, which is 
located at the southerly end of Van Cortlandt Park, about 3 miles 
south of the city line, and to the west of Jerome Avenue. This 
reservoir is divided into two basins, the westerly one having been 
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Fig. 2. TypicAL SECTIONS OF CROTON AQUEDUCTS. 

With the maximum section of Brooklyn aqueduct and grade tunnel 
section of the Catskill aqueduct. 
tions are for grade tunnel. 
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sufficiently completed to put into use in 1905. After the greater 
part of the excavation for the easterly basin was completed, it was 
decided to suspend construction, in anticipation that this basin 
would be used in connection with a future filtration plant for the 
Croton supply. The reservoir has a flow line at elevation of 134, 
the bottom elevation being about 107. The west basin has an 
area of 94 acres and a capacity of about 770 m. g., while the east 
basin has 50 per cent. greater area. 

The Old Croton aqueduct, which previously passed through the 
site of the west basin, has been diverted within the limits of the 
basin to a new aqueduct built through the dividing walt, and con- 
tinues in cut-and-cover to the Harlem River, where it crosses in 
one 7-foot and two 3-foot pipes over an imposing masonry arch 
bridge known as High Bridge. The cut-and-cover section is con- 
tinued to a gatehouse at Amsterdam Avenue and 135th Street, con- 
structed at the time when the New Croton Aqueduct was built. The 
New Croton Aqueduct drops rapidly just north of the Jerome Park 
Reservoir into a circular brick-lined tunnel 12.25 feet in diameter, 
with invert 7.6 feet above tide water. A branch aqueduct con- 
nects the main aqueduct with the reservoir, and the water from 
the reservoir can flow into the tunnel through a downtake shaft 
connected to the central gatehouse. At the Harlem River the 
tunnel drops through a shaft to an elevation of about 300, the 
diameter reducing to 10 feet. On the west side of the Harlem 
River the tunnel is brought up a vertical shaft to elevation of 
13.5, provision being made to pump out the tunnel from this shaft, 
and continues with an upward gradient to elevation of 21.6 at the 
uptake shaft at the 135th Street gatehouse. The pressure on 
this tunnel varies from about 50 pounds per square inch for 
the land section to nearly 200 pounds per square inch, or about 
150 feet, for the river section. The pressure tunnel section, which 
is 36000 feet long, showed a leakage of 228000 gallons per 
twenty-four hours when tested upon completion. From the 
gatehouse the water is carried mainly in 48-inch cast-iron mains, 
to the distribution system and to the distributing reservoirs in 
Central Park. 

These distributing reservoirs consist of three basins, the two 
southerly basins being known as the Old Reservoir, constructed as 
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TABLE No. 2. 
DisTRIBUTION SERVICES. BorouGHS OF MANHATTAN AND 
Manhattan. 


Area Supplied. 


Low service. 


Main high service. 


Upper high service. 


Low service. 


Williamsbridge 
service. 


Bronx high service. 


( Southerly and easterly, 


sections lyi ing mainly, 


below elevation 40. 


Northerly section. 


Central and westerly} 
sections above 34th. 


st. 


Population 


Served. 


1.900 000 


340 000 


‘Easterly section and) 
low ground i in south-| 
erly section and near’ 
Harlem River. 


Central section. 


Northerly and 
sections. 


| 


J 


| 


RESERVOIRS AND STANDPIPES. 


| sump- 


tion, 


| M.G.D. Name. Location. Source of Supply 


| 


ne Central Park Reservoir. Between 79th and 86th sts. Croton River throu; 
Central Park Reser-) and New Croton 
{ voir. ‘Between 86th and 95th sts. duets. 


230 


{ High Bridge Reservoir. Toth = and Harlem High Bridge and 17! 
| | Stations. 
60 179th St. Standpipe. "st. and Harlem 179th St. Station. 
River. 
| 98th St. Standpipe. 98th St. west of Columbus 98th St. Station. 
| Ave. | 


7 Bridge Standpipe. 175th St. and Harlem River. St. Station. 


| | 


10 Jerome Park es Ce Ave. between E. old and New Croton 


West Basin. | 194th St. and E. 210th) duets. 
| St. 
16 Williamsbridge Reservoir. |E. 208th St. and Woodlawn Bronx and Bryam ri 
Road. 


| 

Jerome Ave. and Van Cort- Jerome Ave. Station 
landt Ave. | 

| 


10 Jerome Ave. Standpipe. 


| Con- 
| 
| 
— 
| 
| | 
30 000 
| | 
Bronz. 
| 
| | | 
| 
170 000 | 
| 
"120.000 | 
| | 
50000, 
| | 
| | 


AND BRONX. 


tion of | 


hrough Old 


roton aque- ¢ 118 


36 


id 179th St. 


on. 
n. 219 170 
ion. 324 243 
roton aque- 134 27 
am rivers. | 193 37 
tation. | 303 185 


Nominal | Depth. |Capacity. 


igh | Feet. 


20 & 30 


M. G. Name. 


211 
1000 § 


11 High Bridge. 


028 (179th St. 


036 98th St. 
| 

056 179th St. 
| 

70 | 

140 


.039 J erome Ave. 


| 


PuMPING STATIONS. 


Location, Source of Supply. a: 

Gravity supp ly. 
( Old Croton Aqueduet.| 


} 
| Same as reser- | 

> voirs  and< NewCrotonAqueduet.| 40 
| standpipes. || 

J 


| Both aqueducts. 18 
Do. Do. 7 
Gravity supply. | 
Gravity supply. 


Same as standpipe. Jerome Ave.Reservoir 10 
and Croton 
| Aqueduct. 


| Eleva-_| 
supply. 

Water. } 

Feet. | | 
22) 16 
| 

| 
| | } 
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part of the original works, and the northerly basin as the New 
Reservoir, this basin being put in service in 1862. The normal 
flow-line is at elevation of 118, and the capacity of the three basins 
is about 1200 m. g. A distributing reservoir, formerly located 
on 5th Avenue, between 40 and 42d streets, was removed in about 
1901, and a public library building has been erected on this site. 

About 75 per cent., or 240 m. g. d., of the Croton supply is dis- 
tributed from the low level reservoirs, which gives a resulting 
hydraulic gradient in downtown Manhattan, during the day time, 
equivalent to elevation of about 70. As a large area of the 
Bronx and Manhattan boroughs lies above the level which can be 
supplied from the low level reservoirs, high services have been 
created by pumping the Croton water. The intermediate high 
service in Manhattan, which is known as the main high service, 
requires about 60 m. g. d., which is pumped at stations located at 
Sth Street, near Columbus Avenue, and 179th Street and the 
Harlem River, a small station at High Bridge being a reserve sta- 
tion. The 98th Street station pumps about 15 m. g. d. into a 
tower at the station, with an overflow at elevation of 219, while 
the 179th Street station pumps about 45 m. g. d. into its tower, 
with an overflow at 225. A small reservoir located at the westerly 
end of High Bridge is also used for this service. The upper high 
service supply of about 7 m. g. d. is pumped at the 179th Street 
station against the High Bridge standpipe pressure, this stand- 
pipe having an overflow at an elevation of about 324, and serves 
the high ground lying at the northerly end of Manhattan Island 
this ground rising to a maximum elevation of 240. 

In the borough of The Bronx the low ground is served by the 
Croton from the Old Aqueduct and Jerome Park Reservoir. The 
supply from the Bronx and Byram rivers is taken from Lake 
Kensico, formed by a dam across the Bronx River at [xensico, N. 
Y., and delivered by a single 48-inch pipe, 15.2 miles long, to the 
Williamsbridge Reservoir located to the east of the Jerome Park 
Reservoir. The watershed tributary to Lake IXensico is 22 square 
miles, and there are four upper lakes available for storage, having, 
with Lake Kensico, 4 H1 m. g. capacity. The supply, which 
averages about 20 m. g. d., is used for the intermediate service in 
The Bronx, any surplus flowing into the Croton low service. The 
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Williamsbridge Reservoir contains 140 m. g., with the water level 
at elevation of 193. 

The high ground, which rises to a maximum elevation of about 
280, is supplied by the Bronx high service. The Jerome Avenue 
station, located just east of the Jerome Park Reservoir, pumps 
about 10 m. g. d. into a standpipe with an overflow of elevation 
303. This supply comes from the Croton low level system. 

The distribution system consists of 1 200 miles of mains, varying 
from 4 to 60 inches in diameter, on which have been set 18 500 
gates and 18400 hydrants. There are about 150 000 services, 
of which about one third are metered. The average daily con- 
sumption of the boroughs of Manhattan and The Bronx is about 
330 m. g., and the population, 2 600 000, which gives a per capita 
use of 127 gallons daily. 

The original Croton works cost $12 000 000, and with the addi- 
tions since that time, including the Bronx and Byram works, have 
cost about $100 000 000. 

In connection with the water supply system, a separate high 
pressure fire service has been installed to reduce the fire loss and 
conflagration hazard in the downtown section of the borough of 
Manhattan. This system at present covers an area of about 1 450 
acres, being bounded, approximately, by the Hudson River, 23d 
Street, Broadway and the Bowery, and Chambers Street. Within 
this area 50 miles of mains from 12 to 24 inches in diameter have 
been laid, with 896 gates and 1 274 hydrants. There are about 
5 miles of 8-inch pipe laid for hydrant connections and an 8-inch 
valve on each connection. The mains are supplied by two 
pumping stations, one located on the East River at Oliver Street 
opposite, approximately, the southeast corner of the protected 
district, and the other at Gansevoort Market on the Hudson River, 
in the northwesterly part of the district. Each station is connected 
to use either the salt water from the river or the fresh water 
from the Croton system, it being expected to use the salt 
water only as an emergency supply. Each station has five 
Allis-Chalmers 6-stage turbine pumps, driven by electric motor, 
each pump being capable of delivering 3 000 gallons per minute 
against a head of 300 pounds per square inch at the station. 
The ordinary fire engine can pump about 700 gallons per minute 
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Fig. 1. A Pumpinc Unit. GANsEvoort [ltGit PRESSURE STATION. 


Fig. 2. INTERIOR OF GANSEVOORT HIGH PRESSURE STATION. 
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Test OF Hiagn PRESSURE FIRE SERVICE ON WEst STREET, NEAR 
GANSEVOORT STATION, 
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at a pressure of somewhat less than 200 pounds per square inch, 
and the combined capacity of the two high-pressure stations 
is equal, therefore, to more than 40 fire engines, each fur- 
nishing two good streams. Each hydrant is equipped with 
three 3-inch and one 44-inch outlet, with independent valves, 
and, by siamesing, approximately 10 lines of hose can be 
run from each hydrant. The hydrants are of special design 
manufactured by the A. P. Smith Manufacturing Company. 
Extensions to this system are now under contract to cover a por- 
tion of the East Side bounded by James Street, Bowery, East 
Houston Street, and the East River, this district being considered 
a serious conflagration hazard, menacing to other and more valu- 
able portions of the city. The high-pressure system has cost 
somewhat less than $4 000000 for stations, land, mains, and 
appurtenances. The extensions now under way are estimated to 
cost about $1 500 000. 

The construction of reservoirs and other developments in the 
Croton system is under the Aqueduct Commission, consisting of 
Mayor George B. McClellan; Comptroller Herman A. Metz, 
Commissioners J. F. Cowan, president; W. H. Ten Eyck, J. J. 
Ryan, and J. P. Windolph; Mr. Walter H. Sears being chief 
engineer. The maintenance and operation of the Croton system, 
together with all work on distribution, including the high pressure 
system, is under the Commissioner of Water Supply, Gas and 
Electricity, Mr. John H. O’Brien, Mr. I. M. de Varona being chief 
engineer. 

BOROUGH OF BROOKLYN. 

Brooklyn was dependent upon individual private and public 
wells and cisterns prior to the introduction of water from the 
Ridgewood system in 1859. At this time the population was 
about 250 000, the total area of what was then incorporated as the 
city of Brooklyn being less than one half of the territory at present 
included in the borough of Brooklyn. The original works extended 
about 12 miles to the east of what is now the borough line between 
Brooklyn and Queens, along the south shore of Long Island, and 
in 1890 an additional supply was obtained by extending the 
terminus about 10 miles to the east, thus including practically all 
the territory on the south side of the island to the west of the 
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Suffolk County line, the watershed area being about 159 square 
miles. The watershed consists mainly of a sandy outwash plain 
several hundred feet in depth, the surface sloping gently up- 
ward from the salt water bays northerly to a ridge of hills formed 
by a glacial terminal moraine, the surface rising rather sharply 
in the central part of the island to an elevation which is, in gen- 
eral, somewhat less than 200 feet above sea level. 

The conditions on this watershed are the exact opposite of those 
on the Croton shed, where storage of water on the surface is the 
economical method of obtaining a large percentage of the rainfall. 
On the Brooklyn watershed the storage of a large quantity of water 
on the surface is practically impossible, due to the pervious soil and 
slight changes in ground level, and there is only one supply reservoir 
that holds over 50 m. g., this being known as the Hempstead Stor- 
age Reservoir, built in 1870-1875, just south of the town of Hemp- 
stead, and containing about 880 m. g. with a flow line at elevation 
of 30, this being equivalent to a depth of about 19 feet at the dam, 
which is of earth with a clay core wall. 

The supply from the Brooklyn shed is derived mainly from small 
streams on which shallow ponds have been formed, and from 
driven wells and infiltration galleries drawing on the sub-surface 
waters. This form of development is due to the geological charac- 
ter of the watershed, which, on account of its sand and gravel 
formation, absorbs nearly all the rainfall, amounting to about 43.5 
inches yearly. The rainfall which does not evaporate and is not 
used for vegetation passes slowly through the upper sands to the 
saturated bed and then flows slowly toward the sea, this rate of 
flow being usually less than a mile per year. The saturated 
water-table is an almost uniform plane, sloping at an average rate 
of approximately 10 feet per mile toward the sea, this slope being 
a maximum near tide water and a minimum in the central part the 
island. Where the land surface dips below the water-table, a small 
stream is formed, which is fed by both surface run-off and sub-sur- 
face flow. It is estimated that each vear about 14 inches of rainfall 
flow through the streams and about 12 inches pass out to the bays 
and ocean through the sands and gravels. Beds of clay of a thick- 
ness varying from a few inches to about 50 feet, and of irregular 
shape and area, divide the underground flow into several strata. 
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Taking advantage of the natural stream and reservoir of filtered 
water that underlie the south side of Long Island, the supply from 
the surface streams has been supplemented and, to a Jarge extent, 
supplanted in recent years by the sub-surface development. 

The first sub-surface development consisted of an open brick 
well about 50 feet in diameter, but this was not successful in adding 
materially to the supply. In 1882 groups of 2-inch wells, located 
about 4} mile from tide water where the water level was at elevation 
of 5 to 10 feet, were driven to a depth of about 40 feet and con- 
nected to a central suction pipe about 700 feet in length laid at 
approximately the ground water level. From 100 to 150 of these 
wells, with strainers 5 to 7 feet in length formed by soldering per- 
forated brass sheets over ribbed-iron frame, were driven for each 
station, and by lowering the water level from 10 to 15 feet a sup- 
ply of from 2} to 5 m. g. d. could be obtained. The well system 
was later modified by increasing the diameter of the wells to from 
44 to 8 inches, lengthening the strainers to from 10 to 20 feet, and 
reducing the number of wells. The strainers were made of solid 
brass, brass frame covered with perforated brass, and iron frames 
covered with brass. Wells surrounded by gravel were also tried,a 
casing about 6 inches larger than the well being sunk and refilled 
for about 3 feet with gravel. The well strainer was lowered until 
the bottom rested on the gravel, and then gravel was placed around 
the well and the casing withdrawn. Both metal and vitrified pipe 
wells were constructed in this manner and gave an increased dis- 
charge and lasted longer than the wells without gravel. As a 
great deal of trouble was occasioned by the clogging of the wells, 
and the small stations were inefficient and expensive in main- 
tenance and operation, it was decided to construct two infiltration 
galleries, known as the Wantagh and Massapequa gallery stations. 
These galleries consist of vitrified tile pipe, laid at right angles to 
the line of flow and from 10 to 15 feet below the normal water level. 
The Wantagh station consists of a central station with a brick 
pump well, 1S feet in diameter, with bottom at elevation of — 10. 
Pipes 36 inches in diameter, with open joints and surrounded by 
gravel, are laid each way from the well, commencing with invert 
at elevation —5.0. The pipes gradually reduce to 20 inches at 
the ends, and grade of invert rises to elevation of —2.0. The 
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TABLE No. 3. 


Sources OF Suppty, BorouGH oF BROOKLYN. 


Municipal Works. 


Designation. Source of Supply. 


New Utrecht Station........ Driven wells 
Gravesend Station.......... 
Canarsie Station............ 
New Lots Station.......... 4 
Spring Creek Station........ 

oodhaven 


Aqueduct Station.......... 
Shetucket Station.......... 
Oconee Station.............| 
Morris Park Station........ 
Baiseleys Station........... 


Jameco Station............ Driven wells 

and Baiseleys Pond 
St. Albans Station. ........ Driven wells 
Springfield Station.......... 


and pond 


Rosedale Station........... 
Forest Stream Station...... 
and pond 


Clear Stream Station........ 
Watts Pond Station........) _,, 
and pond 
Valley Stream Pond........ Stream 
Lynbrook Station.......... Driven wells 
Smiths Pond Station....... Pond 
Shodack Brook.......:..... 
Hempstead Storage Reservoir _,, 
Millburn Station.......... . Pond 
East Meadow Pond......... Stream 
Agawam Station........... Driven wells 
Merrick Station............ 
Newbridge Pond.......... Stream 
Matowa Station............ Driven wells 
Wantagh Pontl: ....... Stream 
Infiltration Gallery 
Station........ Infiltration gallery 
e Driven Well Station Driven wells 
Massapequa Pond.......... Stream 
Driven Well Sta- 
Driven wells 
Infiltration Gal- 
lery Station..... Infiltration gallery 


*Five ponds (see above)... . Streams 


Average Amount 
| Furnished, 1908. 


M.G. D. 


3.2 
Completed in 
1909; supply 
about 3m. ¢g. d. 

6.9 

4.1 

3.1 

3.1 


4.2 
Included below 
0.6 
7.9 
Ineluding 
Valley 
Stream 


1909 

1881 

1882 

1907 
1906 
1897 
1897 
1907 
1883 
1891 
1858 
1905 
1897 
1881 

1906 
1885 
1860 
1885 
1894 
1881 

1860 
1907 
1872 
1860 
1873 
1874 
1860 
1891 
1891 
1896 
1896 
1891 
1896 
1891 


1905 
1896 
1891 
1896 


1906 
1891 


| Year 
First 
x=... Util- 
ized. 
1885 
1891 
: 1.9 
3.6 
2.2 
0.9 
10.6 
2.0 
2.6 
2:2 
5.2 
3.3 
* » 
* 
1.1 
* 
1.35 : 
* 
| 
8.2 
0.02 
0.2 
15.0 
32.2 
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TABLE No. 3.—Continued. 
Sources or Suppty, BorouGH Or BROOKLYN. 
Private Plants. 


Average Amount | be 
Designation. Source of Supply. Furnished, 1908. | 7-4.) 
| USl- 
ized. 
Titus 6th Street Station ..... Driven wells 2.8 | 1908 
Forest ParkStation...|  ,, Under construct ion 
Flatbush Water Company’s | 
Blythebourne Water Com- Driven wells in bottom 
pany’s Station........... of open well 2.0 | 1891 
German American Real Es- | 
tate Company’s Station... Driven wells 0.5 1891 
Queens County Water Com- 
pany's Station..........: 3.1 1903 


The Titus plants deliver directly into the municipal distribution system, 
and the Queens County Water Company delivers into the conduit near 
Valley Stream. 


total length of the gallery is slightly over 12000 feet. The 
ground water level normally stands at elevation varying from 5 to 
about 13, and, by lowering the water level in the pump well to 
about elevation —6, a supply averaging 12 m. g. d. can be ob- 
tained. The galleries, therefore, yield an average of 1m. g. d. 
per 1000 feet of pipe. The cost for construction is approximately 
$15 per linear foot. The Massapequa station is similar in design to 
the Wantagh station, the total length of gallery being 18 000 feet. 

The supply from the eastern section of the watershed, amounting 
to from 60 to 70 m. g. d., is drawn from five streams, five driven 
well stations, and two galleries. This supply is carried, by gravity, 
through a brick conduit of horseshoe shape, varying from 5 feet 
11 inches by 7 feet 4 inches at the east end to 6 feet 11 inches by 
9 feet + inches at the west end. The water is delivered to an 
intermediate pumping station, known as the Millburn station, 
located near one of the supply ponds just east of Baldwin, Long 
Island. Here the water is raised from elevation 5 to a 
pressure equivalent to an elevation of about 60 and forced 
into three 48-inch mains, two of which carry the water to the main 
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pumping station located in the northeast section of the borough 
known as the Ridgewood station. The third 48-inch main is 
about 8 400 feet in length and then connects to a 36-inch main 
7 600 feet long which discharges into the upper end of the brick 
conduit built as part of the original works. This conduit runs 
through the westerly part of the watershed and carries the water, 
by gravity, to the Ridgewood station. Eleven small driven well 
stations, four combined pond and driven well stations, one 
pond pumping station, and five ponds, deliver their supply into 
this conduit. The conduit is of varying dimensions increasing in 
size from 6 feet + inches by 8 feet 2 inches at the east end to 
S feet 8 inches by 10 feet at the west end. A 72-inch steel pipe, 4’; 
to 3 of an inch thick, is now being laid parallel to the existing con- 
duits, so that about 50 m. g.d. can be forced directly into the distri- 
bution system from pumping stations on the east end of the water- 
shed. At the Ridgewood station about 120 m. g. d. is pumped 
from an elevation of about 7 into the low service, which is fed 
by the Ridgewood distributing reservoir, having three basins with 
the flow line at elevation 170, and a total capacity of 304 m. g. 
About 10 m. g. d. is pumped into the Mt. Prospect Reservoir, which 
has its flow line at elevation 198, and a capacity of 20 m. g. The 
higher ground, which rises to a maximum street level of about 170 
is supplied from the Mt. Prospect Tower, with its overflow at ele- 
vation 278, being fed by the Mt. Prospect pumping station located 
at the corner of Underhill Avenue and Prospect Place, a few blocks 
from the entrance to Prospect Park. This station obtains its 
supply from the Ridgewood service mains and pumps about 
7 m. g.d. for the Mt. Prospect Reservoir supply and 7 m. g. d. for 
the tower supply. The tower and reservoir are located just east 
of the main entrance to Prospect Park. 

There are four driven well stations within the borough limits 
that pump about 15 m. g. d. directly into the city’s mains against 
the Ridgewood pressure. 

The distribution system consists of about 870 miles of mains from 
4 to 48 inches in diameter, with about 14 000 gates and 13 000 
hydrants. There are about 145 000 taps, of which about 14 000 
are metered. The total average daily consumption is about 145 
m. g. d. for a population of 1440 000, or 9S gallons per capita. 
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The total cost of the Brooklyn system has been slightly over 
$30 000 000. 
Three driven well stations, owned by private companies and 
furnishing about 12 m. g. d., supply a portion of the borough. 
There are two high pressure fire service systems in Brooklyn. 
The main system was installed in 1905-7, and protects a business 
and manufacturing district along the East River, running from the 
Erie Basin to the Navy Yard, and extending back approximately 
one mile from the river front. This area comprises about 1 400 
acres. The supply is furnished by two stations, the main station 
being located on the river front at the foot of Joralemon Street 
and the reserve station opposite Fort Greene Park at the corner of 
Willoughby and St. Edward streets. The main station can draw 
its supply either from the Ridgewood mains or the East River, and 
the reserve station from the Ridgewood mains. The equipment 
of the station consists of Worthington motor-driven 6-stage turbine 
pumps, delivering 3 000 gallons per minute, against a pressure of 
300 pounds per square inch. The pressure is controlled by Ross 
regulating valves, and the stations are usually run with a pressure 
of about 150 pounds. The main station has five units, or a capa- 
city of 15.000 gallons per minute, and the reserve station, three 
units, or a capacity of 9000 gallons per minute. The pumps 
exceed their rated capacities, especially at pressure below 300 
pounds. The total cost of the installation, which, in addition to 
the stations, includes about 21 miles of 12 to 20-inch mains, 1 000 
gates, and 730 hydrants, was about $1300 000. Extensions are soon 
to be made to the pipe system at an estimated cost of $750 000. 
The Coney Island high pressure system was installed in 1904-5, 
and protects the amusement section of Coney Island. The pump- 
ing station is located on Coney Island Creek, opposite West 12th 
Street, and can obtain its supply either from the Ridgewood system 
or from a salt water creek. The equipment of this station consists 
of three Nash gas engines, connected to Goulds triplex pumps, each 
unit having a capacity of 1 500 gallons per minute against a pres- 
sure of 150 pounds per square inch. The total cost of installation, 
including about 1.2 miles of 12- to 16-inch mains, with 61 gates 
- and 47 hydrants, was about $100 000. Extensions to the system 
are now under way, the estimated cost being about $150 000. 
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Area Supplied. 


Ridgewood 
low service. 


Mt. Prospect 
Reservoir. 


. 


Mt. Prospect Tower. J 


All the borough except high 
ground near Eastern 
Parkway, Prospect Park, 
Greenwood Cemetery, 
Sunset Park, Clinton 
Ave., Heights sections, 
and territory of private 
companies. 


('Territory between about } 


elevation 70 and eleva- 
tion 110, in vicinity of 
Eastern Parkway, 

pect Park, and Clinton 
Ave. and Heights sec- 
tions. 


Territory above about ele- 
vation 110, in vicinity of 


Park, Green- 
‘Cemetery, and Sun-} 
set Park. 


>120 


Ridgewood Reservoii 
(3 basins). 


Mt. Prospect Res 
voir, 


Mt. Prospect Star 
pipe. 


Flatbush Water Co. [29th Ward. 


Water |Blytheborne and Borough 


German-American 
Real Estate Co. 


ark. 


Small section in east New 
York. 


10 


Standpipe. 
Four tanks. 


Standpipe. 


; = 
4 
Con- 
sump- 
Designation. tion. 
M. G. D. Name. 
H 
‘4 | 
| 


TABLE No. 4. 
Distrisution Services, or BRrooKkiyn. 
Municipal. 


RESERVOIRS AND STANDPIPES. 


Poumprtne Srarions 


| 
Eleva- | 
Nominal | Depth, | Capacit | HT 
Location. Source of Supply. High Feet. a | Name. Location, Source of Supply. : C 
Feet. 
(|Ridgewood, Old|North and south side|Wells, infiltration 
and New Sta-| of AtlanticAve.near| galleries and 
tions. St. streams on south 
i of Long 
120 
Cypress Hills Ave. near — 
ervoir easterly end of bor-> |Ridgewood Pump-| 170 20 304 { New Lots. New’ bats Bead ‘and 
\| “ing Station Fountain Ave. Wells. : 
Gravesend. Ave. and E. 17th St.| 
New Utrecht. N _ Road and E. 15th 
t. ” 2 
Canarsie. 93d St. and Ave.D.| 3 
|Titus, 6th St. 6th St. and 4th Ave. 
Ridgewood and Mt i ood, 
, Reser-|Near main entrance, Pro: er Pum 198 20 19 Old Station. See above. See above. 10 
pect Park. ing Stations. Mt. Prospect. Underhill Ave. and|Ridgewood low 
Park Place. service. Pek 
, Stand-|Adjoins reservoir. Mt. Prospect! 278 75+} 0.11 Mt. Prospect. See above. ie 3 7 
Pumping Station. 
Private. 
Franklin and Washington|Pumping Station. 180 | 102 | 0.24  |Flatbush Water Co.|Paerdegat Creek, east|Wells. 10 
Aves, of Flatbush Ave. 
lith Ave.and 74th St. {Pumping Station. 140 0.10 |Blytheborne Water|Same as tanks. 2 
Pe lvania Ave. south|Pumping Station. German-American|Same as standpipe. ‘ 0.5 


of New Lots Road. 


Real Estate Co. 


| 

on 
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The Brooklyn water works system is under Mr. Walter E. 
Spear, chief engineer. 


BOROUGH OF QUEENS. 

The borough of Queens obtains its supply from a number of 
small driven-wel] stations, these stations having been built, as a 
tule, to supply the various separate communities which are now 
consolidated into one borough. There are 6 municipal plants and 
about 17 private plants owned by 7 companies. These plants are 
all comparatively small, the total supply for the borough being 
about 25 m. g. d. 


TABLE No. 5. 
Sources or Suppiy, Boroucus oF QUEENS AND RIcHMOND. 


Source Average 
Amount Sup- 


Designation. of 
Supply. | plied. M. G. D. 


Citizens’ Water Company, eight stations....... Wells 12 
Montauk Water Company 1.5 
Woodside ,, » three stations.......... a . Not in use 


Three stations for West New Brighton, ete........ 


Richmond — Private. 
South Shore Water Supply Company............. | Wells | 0.2 


These stations pump directly into the distribution mains and usually have 
@ standpipe connected to the system. The amount delivered is estimated 
on pump displacement. 


Queens — Municipal. 

Long Island City, | Wells 0.8 

” ” ” ” ” 

Queens — Private. 

Richmond — Municipal. 

Wells | 0.3 

2) 4 
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BOROUGH OF RICHMOND. 
The supply of this borough is obtained from eight driven well 
stations, of which one plant has been owned by the city for several 
years, the remaining plants, with exception of a very small system, 
having been recently acquired by the municipality. The supply 
obtained from these plants, which amounts to about 8 m. g. d., is 
inadequate to serve the borough, the population of which ‘is about 
80000. A contract has been made with a private company for an 
additional supply of from 3 to 10 m. g. d., to be obtained from New 
Jersey, this contract to run for ten years. 


ADDITIONAL SUPPLY. 

The safe supply from the systems utilized for all the boroughs, 
with the possible exception of the borough of Queens, is hardly 
sufficient to meet the requirements of the consumers during a 
period of drought otf a severity equal to that which has been experi- 
enced in the past. This has been the condition for several years, 
the increase in supply obtained by the construction of new reser- 
voirs on the Croton watershed and the additional development of 
the underground supply of Long Island, west of Suffolk County, 
hardly keeping pace with the increase in consumption, and further 
permanent relief from such development is impracticable. 

Upon completion of the Croton Falls Reservoir now under con- 
struction, the then available supply and the present consumption 
may be estimated as follows: 

Safe Minimum Average Daily 


Borough. Supply. Consumption. 
M. G. D. M. G. D. 


The present margin of safety is so small that it will be used up 
by the increase in consumption in a year orso. The consumption 
would probably have been in excess of the safe supply before now 
had it not been for the abnormally low consumption caused, in 
part, by the general business depression. 
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7 
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In 1899, alleging that the supply was then inadequate, an 
attempt was made by certain city officials to enter into a contract 
with a private company to supply 200 m. g. d. at a cost of $70 per 
million gallons, this contract to run for a period of forty years. 
The opposition to this contract resulted in careful investigations 
of the present and future supply, and two extensive reports, one 
to the then Comptroller, Bird 8S. Coler, by Mr. John R. Freeman, 
dated March 23, 1900, and the other to the Merchants’ Association, 
made in 1900 by its Engineering Committee, of which Mr. Thomas 
C. Clark was chairman. These reports condemned the proposed 
contract, and were followed about two years later by an exhaustive 
examination and report made by the Commission on Additional 
Water Supply, composed of Messrs. William H. Burr, Rudolph 
Hering, and John R. Freeman, this report being submitted under 
date of November 30, 1903. 

As a result of the evident and urgent need of an additional 
supply; and in accordance with the recommendations of Mayor 
George B. McClellan, the creation of the Board of Water Supply to 
construct the necessary works was authorized by the legislature in 
1905. At the same time the State Water Commission was created, 
to control the water resources of the state. In June, 1905, the 
Mayor appointed Messrs. J. Edward Simmons, Charles N. Chad- 
wick, and Charles A. Shaw as the three commissioners to form 
the Board. Mr. Simmons, who was the president of the Board, 
resigned in January, 1908, and was succeeded by Mr. John A. 
Bensel; Mr. J. Waldo. Smith was appointed chief engineer; Mr. 
John R. Freeman, consulting engineer to the Board; and Messrs. 
William H. Burr and Frederick P. Stearns, consulting engineers to 
the chief engineer. 

A report was made by the Board of Water Supply to the Board 
of Estimate and Apportionment on October 9, 1905, recommending 
the development of four watersheds in the Catskill Mountains as 
the most available sources of supply, with sufficient conduit 
capacity to deliver 500 m. g. d. to the city, at a total cost of about 
$162 000 000, exclusive of delivery of the supply for the boroughs 
of Manhattan and the Bronx, the cost including works to deliver 
100 m. g. d. to Queens and Brooklyn and a connection to Rich- 
mond. It was considered that the expenditure of $112 000 000 
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CATSKILL WATERSHEDS AND AQUEDUCT 


Fie. 5, OUTLINE OF THE CATSKILL SysTEM, 
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Fie. 1. Borrne Rie In Esopus CREEK AT THE OLIVE 
BRIDGE DAM SITE. 


Fie. 2. OLIvE DAM, LOOKING Up STREAM. 
Showing dam under construction and two 8 ft. steel pipes used for river control. 
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would be sufficient to develop a supply of 250 m. g. d., the addi- 
tional 250 m. g. d. being developed later, as required. Recom- 
mendation was made that the Long Island watersheds be studied, 
with a view to their development as the most available source of 
supply for the immediate needs of Brooklyn, Queens, and Rich- 
mond boroughs. The plan proposed was approved by the State 
Water Commission and work is now actively in progress, the 
expenditures to date, together with estimated cost of work under 
contract, amounting to over $50 000 000. 

The watersheds adopted for the supply consist of Esopus, 
Rondout, Schoharie, and Catskill creeks. The waters of the 
Schoharie Creek are to be delivered by tunnel into the valley of the 
Esopus Creek, branch aqueducts being planned to convey the 
Rondout and Catskill creek waters to the main aqueduct. An 
enormous reservoir, known as the Ashokan Reservoir, is to be 
developed in the Esopus valley. From this reservoir an aqueduct 
to deliver 500 m. g. d. is to be built, consisting of cut-and-cover, 
grade tunnel, pressure tunnel, and pipe siphon sections. A large 
receiving and storage reservoir is to be constructed on the east side 
of the Hudson River on the site of the existing Lake Kensico. An 
equalizing reservoir is to be constructed on the high ground just 
north of Van Cortlandt Park, the water being carried from this 
reservoir in pressure tunnel to the boroughs of The Bronx, Man- 
hattan, and probably Brooklyn, and by pipe lines to the boronghs 
of Queens and Richmond. 

The Ashokan Reservoir will receive the drainage of about 257 
square miles of watershed on the Esopus Creek and about 228 
square miles on the Schoharie Creek. Its flow line is to be at 
elevation of 590 feet. The reservoir is to be divided into two 
basins, having a total capacity of 128000 m. g., flooding 
an area of about 12.8 square miles, and having a shore line of 


about 40 miles. The main dam is to be a masonry. structure across - 


the Esopus Creek, 1 000 feet long at the top and having a maxi- 
mum height of 240 feet. Additional dams and dikes will have to 
be constructed of a total length of over 5 miles. The aqueduct 
is to be of concrete of varying dimensions, depending upon whether 
it is of cut-and-cover, grade tunnel, or pressure tunnel type. The 
hydraulic gradient at Ashokan Reservoir is to be at elevation of 510, 
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PRESSURE TUNNEL 


OLIVE BRIDGE DAM 
MAXIMUM MASONRY SECTION 


Fie. 6. SECTIONS OF THE CATSKILL AQuEpUcT, TypicaL DIKE AND 
OLIVE BRIDGE DAM. 
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1902’ 
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which will reduce to 355 at Kensico Reservoir, the gradient varying 
for the different types of aqueduct, being a maximum for the pres- 
sure tunnel sections and a minimum for the cut-and-cover section. 
At Kensico Reservoir there will be a drop of from 25 to 35 feet, and 
then a fairly uniform gradient to Hill View Reservoir, with its flow 
line at 295. The total length from Ashokan to Hill View is 91 
miles, of which 54.2 miles is to be cut-and-cover type; 13.4 miles, 
grade tunnel; 17.2 miles, pressure tunnel; and 6.3 miles, steel 
siphon. From Hill View to Brooklyn the tunnel will be over 16 
miles, with 11 miles of pipe to reach Richmond. The cut-and- 
cover section, which is the largest in area and the lowest in cost per 
foot, is 17 feet high, with a maximum width of 17 feet 6 inches. 
The grade tunnels are usually 17 feet high by 13 feet 4 inches wide. 
The pressure tunnels are circular and vary from 14 feet to 16 feet 
6 inches in diameter. The pipe siphons for crossing valleys where 
the geological conditions are unfavorable for pressure tunnels are 
to be of steel covered with concrete and lined with cement mortar, 
the clear inside diameter being from 94 to 11 feet. The lowest 
level to which the pressure tunnels have to be driven will be at the 
Storm King crossing of the Hudson River, where it is expected to 
go about 1 200 feet below the water level to obtain satisfactory 
rock for the tunnel. These pressure tunnels, both in size and 
pressure to which they will be subjected, far exceed any previous 
tunnels constructed for water works and constitute one of the 
prominent features in the design of the works. 

The Kensico Reservoir is to have a capacity of about 40000 
m. g., with a water surface 355 feet above tide. It is designed as a 
storage reservoir to be used when the aqueduct north of the reser- 
voir is cut out of service for examination or repairs. The dam for 
this reservoir is to be of masonry, about 1 830 feet long and nearly 
300 feet from the crest to the deepest part of the foundation. 

The Catskill aqueduct will deliver its water into the Hill View 
Reservoir, which will be used as an equalizing basin and will hold 
approximately 900 m. g. The flow line is to be 295 feet above 
tide, the depth to be 36.5 feet, and the water surface about 3 000 
feet by 1500 feet. A central wall in which is constucted a 
bypass aqueduct will divide the reservoir into two basins. 
South of the reservoir it -is expected to construct a pressure 
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tunnel under the borough of The Bronx, crossing the Harlem 
River just below High Bridge, running through the bor- 
ough of Manhattan, and crossing into Brooklyn under the East 
River just below the Navy Yard. This tunnel is to be of sufficient 
size to carry the supply delivered by the Catskill aqueduct, and 
borings are now being made to determine the character and eleva- 
tion of rock that is to be penetrated. The use of a pressure tunnel 
for distributing water for a large city is rather unusual, although 
the Croton pressure tunnel is a precedent in the city of New York. 
Connections at the various shaft sites to the pipe system are to be 
provided for the delivery of the Catskill water into any part of the 
boroughs of Manhattan and The Bronx. For Brooklyn and 
Queens, large pipes will be required, as the conditions are not 
favorable for economical extension of the tunnel system. For 
the borough of Richmond, submerged pipe lines are to be laid across 
the Narrows, and a reservoir constructed to equalize the pressure 
and safeguard the supply for this borough. Upon completion of 
the Catskill works, the city of New York will, with its present 
sources, have a water supply of over 1000 m. g. d., of excellent 
quality, the quantity far exceeding that used by any other muni- 
cipality in the world. 

The Board has carried on extensive preliminary surveys and 
investigations to determine the available supply from the un- 
developed watersheds of Long Island, and last year recommended 
that the south and easterly sections of Suffolk County be utilized 
for Brooklyn, Queens, and Richmond by drawing from the sub- 
surface flow. The conclusions of the Board as to the watershed 
to be developed agree practically with those reached by Mr. I. M. 
de Varona, at present chief engineer of the Department of Water 
Supply, Gas, and Electricity, borough of Manhattan, in a report 
on the additional water supply for Brooklyn, submitted in 1895, 
although the methods to be followed are different. The Board of. 
Estimate and Apportionment approved, in 1908, the utilization of 
this source of supply, and the State Water Commission was re- 
quested to authorize its development for New York City. Oppo- 
sition was encountered from owners of large estates within the 
watershed, and the State Commission has not yet given its ap- 
proval. 
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The Catskill works, which are second only to the Panama Canal 
in magnitude, are being carried on, as has previously been stated, 
under the direction of Mr. J. Waldo Smith, chief engineer, with 
Mr. Charles L. Harrison, deputy chief engineer. The work has 
been divided into four engineering departments, i.e.: Head- 
quarters, Mr. Alfred D. Flinn, department engineer; Reservoir, Mr. 
Carleton E. Davis, department engineer; Northern Aqueduct, Mr. 
Robert Ridgway, department engineer; and Southern Aqueduct, 
Mr. Merritt H. Smith, department engineer. Under these engi- 
neers, a corps of nearly 1000 men are engaged on the surveys, 
design, and construction of these works, to build which will require 
the employment of probably 15 000 men, and an expenditure for 
a time of $2000000 per month. While these figures seem stu- 
pendous, they give a fair idea of the magnitude of the work that 
New York City has undertaken to insure an ample supply of 
water for the next generation. 

In preparing this description of New York City Water Works 
the writer has drawn freely from published reports and papers, it 
being impossible to acknowledge his indebtedness to the individual 
authors. He wishes to acknowledge the assistance given by the 
Board of Water Supply in furnishing lantern slides, maps, and 
data; to Mr. I. M. de Varona, chief engineer, and Mr. H. B. 
Machen, assistant engineer, Department of Water Supply, Gas, 
and Electricity, for slides; and Mr. Arthur 8. Tuttle, engineer of 
public improvements, Board of Estimate and Apportionment, for 
slides, without whose assistance it would have been impracticable 
to give the illustrations of both the present and new water works 
systems. 

DISCUSSION. 

Mr. Wit11aM Dart. Will Mr. Brush please tell us something 
about how the dikes are constructed, particularly as to whether 
any artificial method of excavation, such as pumping, is used. 
When work is carried on at such a rapid rate, it is very difficult 
to obtain the proper solidity, and we often hear of accidents due to 
that cause. I should like also to ask Mr. Brush whether the dams 
are kept at a restricted height, so that, say, not more than one foot 
is raised at a time, and, if the method of pumping is used, what time 
is allowed for proper solidification of the earthwork. 
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Mr. BrusH. Those are questions which I think can be better 
answered by some of the other engineers, for I am not connected 
with that part of the work, and am, therefore, not familiar with the 
details of construction. Probably Mr. Flinn, our department 
engineer, can give the gentleman the information desired. 

Mr. ALFRED D. Furnn. In answer to Mr. Dart’s question, I 
will say that the material available for making the dikes at the 
Ashokan River Reservoir is particularly suitable for the purpose, 
being a clay which compacts very solidly. The banks are being 
built up in layers of varying thickness. On the water side the 
layers after compacting are about four inches thick, and on the 
other side about six inches. thick. Each layer is spread and 
rolled, and there is no deposit of earth by any pumping method. 
It is all done by bringing the earth on to the bank in cars or wagons, 
spreading it and rolling it, and the banks are kept approximately 
level in any particular section. 

Mr. Epwarp W. Bemis.* I wish Mr. Brush would explain a 
little more as to what he meant by legislative restrictions prevent- 
ing the development of a supply east of the Hudson River. 

Mr. BrusH. The legislature passed one or more acts prohibiting 
the use of those watersheds which lie just north of the city and east. 
of the Hudson. Those sources were considered and reported upon 
favorably by the Additional Water Supply Commission, but sub- 
sequently to that report the legislature passed acts prohibiting the 
utilization of those watersheds for a public water supply for New 
York City on account of the opposition, as I understand, from 
the inhabitants of that section, and also from those who are using 
the water power, against New York City taking those sources for a 
supply. It would have been cheaper to have used this supply, 
but these acts prevent it. 

Dr. Joun C. Ot1s.¢ I might say, in addition to what Mr. Brush 
has said, that there are several manufacturing interests, of not very 
large capacity, along the course of those streams in Dutchess 
County, and it was thought that their business might be ruined if 
the water was taken. The great majority of the people of the 
county were very much opposed to any legislation restricting New 


* Superintendent Water Works, Cleveland, Ohio. 
+ Poughkeepsie, N. Y. 
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York from taking those watersheds, but the manufacturers had 
influence enough in the legislature to secure the passage of the acts. 
We consider that it was a very unfortunate thing for Dutchess 
County as wel] as for New York. 

Mr. F. In Mr. Brush’s paper the statement 


‘is made that the fire service in New York is connected both with 


salt water and with the city supply water. Wil] Mr. Brush please 
tell us what objection there is to using salt water entirely? 

Mr. Brus. The use of salt water is detrimental to the valves, 
and also, to some extent, to the pipe, and I understand that a greater 
amount of damage would be caused to merchandise by salt water 
than by fresh water where-a fire does not entirely destroy a build- 
ing. The amount of water required for fire purposes for the entire 
city for a year is only about one fifth of a day’s supply, and, 
therefore, is negligible in quantity, and as the use of salt water 
would probably cause a rather rapid corrosion in the valves, where 
there is bronze in contact with iron, and also a much less rapid, 
but still a somewhat rapid, deterioration of the iron pipes, it was 
considered advisable to use fresh water, and only have the salt 
water for an emergency supply. The valves and hydrants were 
designed to use salt water if necessary, and to minimize the. cur- 
rosion that might be experienced by the use of salt water, but in 
view of the fact that fresh water was available and such a small 
amount relatively would be used, it was considered advisable to 
use fresh instead of salt water. 

Mr. Bemis. What effect does it have on the pressure supply 
mains when you take so much water for a fire, and what size mains 
do you tap? 

Mr. BrusH. In Brooklyn the main station obtains its supply 
from two 48-inch and one 30-inch mains, the water passing to the 
station through 24-inch and larger connecting mains, the connec- 
tions at the station consisting of two 24-inch branches. For the 
reserve station, a 48-inch and a 30-inch main are connected to the 
station suction main through two 20-inch branches. 

In the borough of Manhattan, the Oliver Street station obtains 
its supply from three 36-inch and one 30-inch mains, having two 
30-inch connections to the station. The Gansevoort station ob- 
* Superintendent of Water Works, Lawrence, Mass. 
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tains its supply from one 48-inch, three 36-inch, and one 24-inch 
mains, with one 30-inch and one 36-inch connection to the station. 
In each case there is a loop system of supply so that two or more 
distribution mains are connected to the station, and also a loop 
delivery system, so that an accident to any part of the system would 
only cut out a very small section. As far as I know there has never 
been any appreciable effect by the draft on the mains from the 
high-pressure stations, its being found that, with from three to four 
pumps running, the drop at the station is about six pounds. Nor- 
mally, one pump is more than ample for a fire; and Manhattan has 
had three large fires at one time during the past season which were 
controlled by the high-pressure system without any difficulty, and 
it was not necessary to put into service but three or four of the 
pumps: If the ten pumps were running, they would require 
30000 gallons a minute, or about 42 000 000 gallons a day, and 
such a draft would undoubtedly reduce by several pounds the 
pressure in down-town Manhattan. 


JOHNSON. 


GROUND WATERS AS SOURCES OF PUBLIC WATER 
SUPPLIES. 


BY WILLIAM 8, JOHNSON, CONSULTING ENGINEER, BOSTON, MASS. 
[Read November 10, 1909.] 


When the average man deals with the unseen, he apparently 
believes that he is dealing with the supernatural and that the 
ordinary laws of nature do not apply, or perhaps he goes to the, 
other extreme and builds up an elaborate theory of which he would 
be ashamed were he dealing with the seen. Such has certainly 
been the case in dealing with ground waters. Many a man of 
good sound common sense, who would look with scorn upon any 
attempt to show that water on the surface of the ground could 
exercise any attraction for the witch-hazel stick, has without 
question accepted the theory that water a few feet beneath the 
surface of the ground, because out of sight, has a power which is 
not possessed by the same water when it appears on the surface. 

On the other hand, many pages of intricate formulas have been 
published by accomplished scientists treating of the movement 
of ground waters through soils, when one glance at some deep cut 
in a sandy soil, such as we have in New England, showing the 
innumerable strata of every conceivable kind of soil from clay to 
coarse gravel, with their varying thicknesses and directions, 
should be sufficient to show that in order to determine the behavior 
of water beneath the ground it would be necessary to first make an 
examination of every cubic foot of soil and a new formula for 
almost every inch. In fact, those of us who have had occasion 
to study the flow of water through carefully selected material in 
a sand filter know the absolute impossibility, or rather, the im- 
practicability, of foretelling the result. 

Many of you are familiar with the testimony of the eminent 
geologist a few years ago to the effect that the ground water sup- 
plies in eastern and southeastern Massachusetts were obtained 
from an underground river flowing from New Hampshire toward 
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the south, and that he had determined the course of this subter- 
ranean stream, which was somewhat circuitous, by means of the 
various public water supplies which had been obtained from the 
ground. The same geologist explained another water supply in 
Massachusetts as coming from a subterranean reservoir of water 
which had been left there in some prehistoric time. 

There is no doubt that a theoretical study of the flow of water 
through soils has produced good results, and that a thorough 
knowledge of geology is essential to the engineer seeking for 
ground water supplies. Neither is there any doubt that the witch- 
hazel has produced good results. In the hands of the intelligent 
,person it has located many excellent wells. It is necessary, 
however, to state in the beginning that the author is not going to 
reveal the secret of the witch-hazel, nor is he going to produce a 
new formula by which a ground water source can be found and 
its yield computed. The more the writer had seen of ground 
water supplies, and the more carefully he has studied them, the 
less confidence he has in his ability, or in the ability of any other 
person, to foretell what may be found in exploring a new field. 
With our present state of knowledge of things beneath the earth, 
experience is certainly the best guide, and experience has taught 
us many things with relation to ground water supplies, some of 
which are unknown to those who have not dealt very much with 
such sources. The object of the present paper is to bring out a 
few of these points. 

Since the expert with the witch-hazel has to some extent been 
discredited, the expert well driver has taken his place to work upon 
the same weaknesses in human nature, the same willingness to 
believe that natural laws do not apply to things unseen, as did his 
predecessor. There are honest and intelligent well drivers, more 
now than a few years ago, but the temptation is so great, when 
business is poor and the mark is so easy, that many a well driver has 
fallen, and the results are to be found all over the country, where 
wells have been driven in solid rock, generally at the summit of 
some hill. There are certainly honest well drivers, for only re- 
cently a client who insisted, against the writer’s advice, in drilling 
a well in solid ledge at the summit of a hill confessed that one 
of the well drivers whom he had consulted had also advised against 


4 
i 


JOHNSON. 403 


it, telling him that at least three out of four wells of this kind were 

failures. He found, however, two other well drivers who approved 

‘most heartily of his plan and were certain that an abundant 
supply of excellent water could be found by drilling deep enough, 
at five dollars per foot. 

What is said in this paper applies to conditions existing in New 
England, and may or may not be applicable to other parts of the 
country ;. for it is, of course, a fact that the ground waters depend 
very largely upon the geological conditions, and what is applicable 
to New England is not necessarily applicable to other parts of the 
country. 

Ground water supplies may be divided into those obtained from 
deep wells, or the so-called artesian wells, and those obtained from 
shallow wells, either driven or dug, or from filter galleries located 
near some surface source. 

Concerning deep wells, or the so-called artesian wells, which 
are generally driven in rock, there is very little to say. They have 
been tried many times for public water supplies, but have very 
seldom been successful, but here again it is necessary to cal] atten- 
tion to the fact that the author is speaking of conditions in this 

“ vicinity only, for there are sections of the country where the deep 
wells have certainly been very successful. The rock formation 
in this vicinity is of such a character that it is practically impossible 


to find a large quantity of water in it unless in some fissure of such - 


a nature that the water passes directly through it from the surface 
of the ledge. Where a large volume of water has been found 
in this way, it has generally been of poor quality, but the most 
common failure is due to the small quantity obtainable. 

It is a common belief that water obtained from the rock many 
feet beneath the surface must be of the greatest purity, but here 
again we expect something to happen beneath the surface which 
would not be possible above the surface, for nobody would main- 
tain that the quality of water after passing through concrete, a 
channel of artificial rock, would differ greatly from the quality of 
the water entering this channel, and such is practically the condi- 
tion when water enters a crevice in our granite or other hard rock. 
There are numerous examples of wells in rock which supply water 
for manufacturing purposes, and for these purposes they are fr2- 
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quently satisfactory, but the writer knows of no case in Massachu- 
setts at least where the deep well has been a success for a public 
supply, except, perhaps, where it has been used to secure a small- 
additional supply to supplement some other source, and in each of 
these cases the water obtained from the deep wells has been of 
inferior quality. The most satisfactory water supplies are those 
which are obtained from shallow wells, either dug or driven, or 
from filter galleries, the water from which is obtained in every case 
either from the ground in the immediate vicinity or from some 
nearby surface source. 

Water supplies a century ago were almost universally obtained 
from the ground, and still in the more sparsely settled districts the 
water supplies are obtained largely from wells. When the knowl- 
edge came that water might be the cause of typhoid fever, and the 
evidence seemed to be good that some serious epidemics had been 
caused by the water from wells, all wells came to be looked upon 
with disfavor, and many of them were closed by boards of health 
and other sanitary authorities, and public water supplies from 
surface sources were put in to take their places. 

It was believed that the ground in the vicinity of dwellings was 
always saturated with filth which had been thrown upon or dis- 
charged into the ground for years, and that any water taken from 
the ground was unsafe. A great amount was written about the 
danger lurking in the well, the articles being generally illustrated 
by the familiar pictures showing by means of arrows the direct 
course taken by the filth from the cesspool or stable toward the 
well. 

Now the pendulum has swung again, and again the discarded 
well is in favor, for we now believe that, when properly located, the 
well furnishes the best, or at least the safest, water, — far safer 
than the water of the mountain brook. 

In 1879, of the 64 Massachusetts cities and towns supplied with 
water from public sources, 8, or 12 per cent., were supplied from 
ground water sources. In 1889 the percentage of cities and towns 
supplied from ground water sources was 31. In 1899 the per- — 
centage had reached 38, and now 41 per cent. of the cities and 
towns supplied with water obtain it from ground water sources. 

Much of the increase in the use of ground waters in Massachu- 
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setts is due to the influence of the State Board of Health. In 
many cases the State Board of Health has advised against the use 
of some proposed surface water source and has urged that investi- 
gations be made with a view to securing a ground water supply. 
In some of these cases the ground water supply has been obtained 
at a considerable saving in expense, and in every case where the 
investigations have proved successful, water of a superior quality 
has been secured. 

The chief reasons why ground water supplies are more satis- 
factory than surface sources for public water supply purposes are: 
First, their low temperature in summer; second, their attractive 
appearance and freedom from color, taste and odor; and third, 
the greater safety in their use. 

The temperature of water obtained from the ground at the 
depth from which the supplies are ordinarily obtained is from 48 
degrees to 52 degrees unless the water is affected to a considerable 
extent by the infiltration of surface water from some nearby sur- 
face water source, and this temperature is maintained throughout 
the year. Since ground waters must generally be kept from expo- 
sure to the sunlight on account of the growths of organisms which 
otherwise are likely to occur, the water is not stored in large, open 
reservoirs where it would become heated, and so is delivered to the 
consumers at a temperature which does not rise above 60 degrees, 
even during the warmest days in summer, and is never warm 
enough to be unpalatable. Surface waters, on the other hand, are 
frequently delivered to the consumers at a temperature of about 
80 degrees. 

A good ground water is always clear, practically colorless, odor- 
less, and tasteless, while almost all surface waters are colored and 
are subject at times to disagreeable odors and tastes. The waters 
taken from mountain streams without being stored are the best 
of the surface waters in regard to color and odor, but these are 
very likely to be turbid at times of storms or of melting snow. 

In the report of the Massachusetts State Board of Health for the 
year 1904 there is an interesting classification of the water supplies 
according to their different characteristics. In the classification 
of the surface waters according to their odors there are 32 in a 
total of 134 surface water.sources which are classed as odorless, 
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or having occasional faint odors. Of these 32 sources which are 
nearly odorless, 20 are mountain streams, which in many cases are 
practically spring waters collected in a stream not far below the 
point at which the water issues from the ground, and should hardly 
be classed as surface waters. 

In the classification according to color it is shown that of 141 
sources classified, 22 have color less than 0.05, which may be con- 
sidered practically colorless. Of these 22, several are ponds like 
Long Pond in Falmouth, Little South Pond in Plymouth, and 
Lake Pleasant in Montague, which are practically large open 
wells, being fed almost entirely from the ground. 

It must be admitted that many ground waters have color, and 
some of them a very high color, but these are not normal ground 
waters, being affected in each case either by iron or by infiltration 
from some surface source. 

The most important respect in which ground water is superior 
to surface water is in the comparative safety which attends its 
use. If the ground water source is properly located, even if the 
water has at some time been polluted, the danger in its use is 
reduced to a minimum. The purification effected in passing 
through soil at a rate as slow as water passes laterally through 
the ground is, we know now, very great, and it is almost impossible 
for disease germs to survive except under extraordinary conditions. 

With the mountain streams, on the other hand, from which the 
most attractive surface waters are obtained, even if their water- 
sheds are uninhabited, there is constant danger of pollution by 
the hunter, the fisherman, or in innumerable other ways. Any 
pollution entering such a stream is carried quickly and directly 
into the piping system and delivered to the consumers with no 
opportunity for the purifying effects of time or storage. 

In case of ponds or storage reservoirs with uninhabited water- 
sheds, the danger from pollution is less serious than in the case of 
streams, but there is always more or less danger, even with the 
most careful supervision of the source and its watershed. In 
addition to this there is the certainty of the fouling of the water 
by animals of various kinds, alive and dead, which, while perhaps 
not having a serious effect upon the health of those using the water, 
certainly makes the water less appetizing. 
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When we come to think of it, we must realize the absolute 
impossibility of securing water from the surface of the ground 
which shall be perfectly clean. There must be within the water- 
shed of every surface source quantities of decaying organic matter 
from the leaves and other vegetation, as well as from animals, 
which will be washed into the water during every shower. In case 
of the pond or reservoir, purification by storage takes place, and 
the effect of this dirt is much less than in the case of the running 
stream, where there is little opportunity for the water to free itself 
from the impurities. Water taken from sand or gravel beneath 
the surface of the ground is generally absolutely free from any of 
this dirt. 

The time is undoubtedly coming, and is not far distant, when 
all surface water supplies will be filtered before they are used for 
domestic purposes. The public is rapidly becoming educated in 
these matters, and it will soon be insufficient to know that the 
use of a water is not likely to give typhoid fever, and there will be 
a demand that the water shall be free from the filth which all 
surface waters contain in a greater or less degree. 

The objectionable or troublesome features of ground waters are: 
First, the uncertainty which must exist as to the quantity of water 
available; second, the conditions which favor the growth of organ- 
isms in the water; third, the possibility of the presence of iron; 
and, fourth, the possible deterioration of the water with long- 
continued use. 

The uncertainty as to the quantity of water is one which can 
be met only by making thorough tests. In the case of a surface 
water source it is possible to foretell with considerable accuracy 
the amount of water which the source will yield in a very dry 
season. In the case of a ground water supply it is impossible, 
even with as thorough a knowledge of the soil as it is feasible to 
obtain, to foretell the quantity of water obtainable. 

In recent years it has been the custom in the most important 
investigations of ground water sources to make a pumping test 
to assist in determining both the probable quantity and the prob- 
able quality of the water to be obtained. The method of making 
these pumping tests will be referred to later. With the informa- 
tion furnished by the pumping test, especially if the test is con- 
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ducted during a period when the ground waters are at a low level, 
it is possible to make a sufficiently close approximation of the 
quantity of water available. 

Ground waters, when exposed to light for a considerable time, 
are almost certain to contain growths of organisms, which, when 
they decay, will cause the water to be very objectionable. When 
the first ground water supplies were introduced, this fact was not 
known, and the water in many cases was stored in large open 
reservoirs. During the summer months the water in these reser- 
voirs was affected by growths of organisms to such an extent that 
the water could hardly be used for domestic purposes. Such was 
the case in Newton, Brookline, Hyde Park, and several other of the 
Massachusetts cities and towns, and in all of these places it became 
necessary to provide covered reservoirs so that the water is not 
exposed to the light from the time it leaves the ground until it 
reaches the consumer. This not only prevents the growth of 
organisms, but it also perserves the low temperature of the water, 
which was not possible with the open reservoirs where the water 
was exposed to the sun. 

Most of the troubles which have occurred with ground water 
supplies have been due to the presence of iron in the water. Iron 
occurs in ground waters in various forms, but in whatever form 
it occurs, the final result is the same. . It causes rust spots on 
clothes which are washed in it, imparts to the water a color and an 
objectionable odor and taste, fills up service pipes, and clogs up 
the wells. In fact, there is nothing which causes so much com- 
plaint or trouble with a water supply as the presence of iron. 
It is not necessary at the present time to discuss the chemistry of 
the presence of iron in the water, but, in general, it may be said 
that the iron is the result of imperfect filtration of water containing 
organic matter. 

It may be that the imperfectly purified water comes from 
some nearby surface source, or the water may have come through 
a deposit of peat from which it takes up organic matter, but in 
either case the presence of iron indicates that the water has not 
been completely purified in its passage to the well. Water obtained 
from a well sunk in a swamp where there is an extensive deposit 
of peat, with no impervious layer between it and the water-bearing 
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stratum, is almost invariably affected by iron. Water obtained 
from a well located close to a stream is likely to be affected by 
iron after long-continued draft from the well at a rate considerably 
greater than the rate at which water is flowing toward the well 
from the land side, since the filtration becomes less perfect, as 
more water is drawn from the surface source. 

When the first ground water supplies were introduced, practi- 
cally nothing was known as to the causes of iron in the water, and 
many of the wells or other collecting works were located in such a 
manner that they were soon affected by iron. In some of these 
cases it has been necessary to abandon the source, while in other 
cases filtration has been resorted to. 

Good examples of the deterioration of ground water sources, 
due to the increase in the quantity of iron, are found in Hyde 
Park, Middleboro, Marblehead, Bradford, Provincetown and 
Reading. In Bradford and Provincetown the sources of supply 
were finally abandoned and water obtained from new sources; 
in Reading and Marblehead filtration has been resorted to. 

There are numerous cases in Massachusetts showing the deteri- 
oration of ground water due to the increased amount of iron in the 
water, where the deterioration has been so slow that as yet com- 
paratively little trouble has been experienced, and in some cases, 
as at Waltham, an apparently successful attempt has been made to 
check the deterioration by supplementing the supply from some 
other source so as to reduce the draft. Interesting examples of slow 
deterioration are found at Waltham and Lowell, where the deteri- 
oration is evidently due to increasing amounts of water being 
drawn from the river, or possibly to more rapid infiltration of 
water from the river. 

In some cases the deterioration is due to the extension of the 
area from which the water is drawn to the collecting works with 
the increased draft from the wells. A case of this kind is found in 
Wellesley, where there is no pollution in the immediate vicinity 
of the wells, but the chlorine, the index of previous pollution, has 
greatly increased since the works were put in, due evidently to 
drawing water from a populated area from which it was not drawn 
in the beginning. 

There are cases where it can be foretold that the water will 
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contain iron, and in other cases samples drawn from the test wells 
with a hand pump will show iron. There are also cases where it 
is reasonably certain that the water will not contain iron, but the 
only safe way, before installing a new supply, is to conduct a 
pumping test, drawing water from the ground at as great a rate 
as it is likely to be drawn after the works are constructed, and 
making frequent: chemical examinations of the water. Of course 
the deterioration may be so slow that it cannot be foretold by a 
test of any reasonable duration, but in that case the deterioration 
after the works are put in is likely to be so slow that it will be safe 
to construct the works. 

Pumping tests have been insisted upon by the State Board of 
Health of Massachusetts for many years, and in most of the new 
supplies, except for the very small ones, which have been introduced 
in this state for the past ten or twelve years such tests have been 
made. While in the majority of cases, after the source has been 
carefully selected, the pumping test has been satisfactory, and it 
has seemed as though the expense of the test might have been 
saved, in the few cases in which it has proven unsatisfactory it 
has been of enough value to more than warrant the expense of 
all of the other tests which have been made. In his own practice 
the writer has seen the results of fifteen pumping tests during the 
past three years, and in four of these the tests have shown unsatis- 
factory results. It should be said, however, that in each of these 
four cases the conditions were such that the results were not 
unexpected, but the test was carried on in the hope that the surface 
indications might be unreliable. 

A pumping test consists in drawing water continuously from the 
ground at a rate at least as great as it will be drawn after the works 
have been constructed and are in general use. During the test 
careful measurements should be made of the quantity of water 
pumped, generally by means of a weir, and at the same time 
measurements of the height of water in the ground should be 
frequently made by means of open test wells located at different 
places within and around the area from which water is being 
drawn. 

The length of time during which the test should be continued 
depends entirely upon the results obtained during the test. If 
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the general level of the water in the ground continues to go down 
with considerable rapidity, indicating that the water stored in the 
ground is still being drawn upon, the test should be continued. 
If, however, the level of the water in the ground becomes practi- 
cally stationary, and the analyses indicate that there is abso- 
lutely no sign of deterioration in the quality of water, a test of 
one or two weeks may be sufficient. In some cases it has been 
found necessary to continue the test for periods of many weeks. 
After the pumps are stopped, frequent readings should be made of 
the height of water in the test wells to show the recovery of the 
water level, as without this information the test is likely to be of 
little value as an indication of the quantity of water available. 

The results of the test will require careful interpretation, but 
when interpreted intelligently a very accurate prediction can be 
made, both of the quantity and of the quality of the water to be 
obtained from the source. So far as the writer knows, the results 
of a properly conducted pumping test have never proved unre- 
liable. 

From what has already been said, it is plain that the surface 
indications do not furnish absolutely trustworthy evidence of what 
may be found beneath the surface. The surface indications, how- 
ever, are of sufficient value to warrant careful study before any 
test wells are driven, and the wells should not be located at random, 
as is sometimes done. 

The sources of the water in shallow wells, such as we are con- 
sidering, are, the rainfall upon the ground in the vicinity of the 
well, and water which may percolate toward the source from some 
neighboring surface water. The very best water generally is that 
which enters the ground directly from rainfall, since this is more 
likely to be unpolluted in the beginning and to be less subject to 
deterioration with increased draft from the source. The amount 
of water entering the ground depends upon the contour of the 
surface and the character of the soil. The water falling on steep 
slopes runs away very quickly and less enters the ground than 
upon comparatively flat land. 

If the soil near the surface is compact and impervious, very 
little water can enter the soil. The most favorable condition, 
therefore, for obtaining water from the ground is a flat area of 
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sandy or gravelly land. When this condition is found, there is 
usually some place in the vicinity where good wells can be devel- 
oped, although in some cases even these indications fail. _ 

* Ground water, in general, flows in the direction of the surface 
slopes, although this is not by any means always the case. In 
general, however, the best place to obtain the ground water is 
likely to be in some valley, not only because the ground water from 
the surrounding territory is likely to seek this low point for an 
outlet, but because it will also be found nearer the surface. Wet 
land, except when at about the level of the water in a neighboring 
stream or pond, indicates an impervious stratum, which keeps the 
water near the surface, and is not a favorable indication. It is 
usual to find in every town some old resident who will volunteer 
to assist in locating a well, and will lead the way to some spot 
which is never dry even in the driest season, which, in his mind, 
indicates an unfailing supply of water, whereas it really indicates 
only some stratum of clay or other tight soil through which water 
passes with difficulty and from which water cannot be obtained 
by means of wells. 

There are times, however, when science fails and the old resident 
wins. The best ground water supply which the writer has ever 
seen was found by the superintendent of water works, who was 
making tests under his direction. He reported over the telephone 
very unsatisfactory results in the places selected, and wished to 
try one well near a spring on the farm where he was born. This 
the writer consented to, without having seen the location, feeling 
certain that the result would be as usual in such cases, — clay 
bottom bringing the spring to the surface, — but instead of that, 
one of the finest water supplies in New England was the result. 

Swampy areas, or areas containing a considerable deposit of 
peaty matter, which is wet much of the time, should be regarded 
with very great suspicion. If wells are located sufficiently near 
to them, they almost invariably affect the quality of the water, 
unless there is an impervious stratum beneath the swamp which 
keeps this water from entering the wells. 

When, as is usual, the ground water source is located in a valley 
near a stream or pond, a considerable proportion of the water is 
obtained from the surface source, this proportion depending on 
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many things, but chiefly upon the rate at which the water is 
drawn. Water obtained by infiltration from a surface source is 
satisfactory if conditions are such that it is well purified in its 
passage through the ground, that is, if the organic matter is com 
pletely changed over to inorganic. In many of the satisfactory 
ground water sources the greater portion of the water is obtained 
in this way. Such water may have some of the color of the surface 
source, and the temperature may be somewhat higher than that 
of a ground water not affected by the surface source, but there is 
no iron, and the water is bacterially pure. 

The bottoms of many of our streams and ponds are covered 
with a deposit of material which is almost impervious to water, and 
it is probably due to this fact that the quality of the water obtained 
from wells located near surface sources is as good as it is. 

In the case of Waltham, where the collecting works were located 
very close to the bank of the Charles River, it was found that 
wells on the opposite side of the river were affected by the draft 
of water from the collecting works, indicating that the bottom of 
the river was comparatively tight. There is, however, in this 
case, as in practically all such cases, a certain amount of infiltration 
from the river, very slow, and over a very large area, but sufficient 
to. cause a material increase in the iron in the water. 

It is frequently claimed, where works are located near a stream, 
that all of the water comes from the land side and that none is 
coming from the river, but such a condition requires an abso- 
lutely impervious stratum between the river and the wells, and 
those who have had occasion to excavate in the immediate vicinity 
of streams know that there is under all conditions considerable 
seepage from the stream, even in the small area occupied by a 
trench. When the level of the water in the ground is lower than 
that of the water in the river for a stretch of many thousand feet, 
as it is in many cases, it is impossible to believe that the ground is 
not fed to some extent by infiltration from the river. 

In some of the supplies from wells and filter galleries the water 
is obtained almost entirely from adjacent surface sources, and 
when the conditions are favorable, such water is thoroughly puri- 
fied and almost equal to the best ground water supply. 

In some of the recent cases an attempt has been made, which has 
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proved quite successful, to increase the yield of the ground water 
sources by application of water to the surface of the ground in 
the vicinity of the wells. At Newburyport, the water from a 
stream some distance away is pumped on the gravelly soil above 
the wells and springs from which the supply is drawn. The water 
of the stream is of very poor quality, containing an enormous 
quantity of organic matter during the summer months, but al- 
though some of the water is lost, the quality of the filtered water 
is excellent and the results on the whole have been satisfactory. 

A somewhat similar case is at Dover, N. H., where water is 
obtained from several wells and springs. The water of certain 
wells is of excellent quality, while that of others contains so much 
iron that it cannot be used for domestic purposes. In an emer- 
gency a rough filter was hastily constructed in the sand in the 
vicinity of the wells, whieh gives good water, and the water con- 
taining iron was thoroughly aérated and pumped to this filter, 
from which it found its way through the soil into the wells which 
contain good water. 

It was the writer’s intention in preparing this paper to have given 
some details in regard to the construction. of works for collecting 
ground waters, together with costs and other data, but this must 
be omitted for the present. It may be said, however, that the 
cost of the preliminary investigations for a ground water supply is 
likely to be greatly in excess of the cost of the investigations neces- 
sary in connection with the development of a surface source, but 
the cost of construction may be much less. In one recent case a 
town, about ready to begin work in the development of a surface 
source at a cost of $300 000, found that an ample supply of much 
better water could be obtained from the ground at a total expense 
of $50 000. But whatever the cost, the superior quality of the 
water, and, above all, the safety in its use, should cause the ground 
water sources to be thoroughly investigated before determining 
upon a supply from a surface source, which is certain to be inferior. 
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DISCUSSION. 


Tue Presipent. Gentlemen, you have heard the paper, which, 
it is proper for me to say, and I think you will all agree with me, 
is one of the most interesting papers which has been read before 
this Association for a number of years. I-hope there will be a 
full and general discussion of the subject. 
Mr. Lewis D. THorpe.* We constructed a new system in 
Newburyport last year, the supply being taken from a small tidal 
river. A dam was constructed, with its crest at an elevation 
sufficiently high to exclude the salt water, across the stream at a 
point near its outlet, and from this stream the water was pumped 
a distance of about two miles and discharged on to natural sand 
filters. These filters are constructed in a small ravine which is 
located a short distance away from the main pumping station. 
In preparing the beds, all the loam and subsoil were removed to the 
surface of the sand and the sand leveled, the loam and subsoil 
being used for the embankments. Two open beds were con- 
structed, one having an area of about 30000 square feet and the 
other 15 000 square feet. No underdrains were used. The water 
passes through the filters at a slow rate and is collected in trenches 
in which vitrified pipe surrounded by screened gravel is laid, and eal 
is conducted into a small reservoir located about 150 feet distant | 
and 45 feet lower than the surface of the beds. This reservoir is 
uncovered, and has a capacity of about 600000 gallons. From 
the reservoir the water flows by gravity to the main pumping 
station, from which it is pumped directly into the city mains. In 
addition to the open filters, about 5 000 feet of sub-surface filters 
were constructed for use during the winter months. These filters 
are of 8-inch vitrified pipe, laid with open joints and embedded in 
screened gravel. They are laid in four lines, extending around the 
slopes of the ravine just outside of the open filters, and are about 
4 feet below the natural surface. It is not proposed to use the 
subsoil filters when it is possible to use the open beds. The system 
has been in operation about one and one-half years, during which 
time we have pumped about 400000 gallons per day from this 
source. From the analysis made by the State Board of Health the 
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results have been satisfactory. The water in the river is full of 
vegetable growth and highly colored, and is unfit for domestic 
use without filtration. The open beds were constructed for use 
during the warm weather, but last winter they were used through- 
out the freezing months with good results and with very little 
trouble. The depth of sand in the ravine and filters is from 30 to 
40 feet, under which is a layer of hardpan, the general slope of 
which is in the direction of the collecting reservoir. Of the total 
amount of water pumped on to the beds, about 70 per cent. has 
been collected in the reservoir during the past eighteen months; 
the balance I am unable to satisfactorily account for. 

Mr. A. O. Doane.* Some years ago, when Newton was putting 
in a number of wells along the Charles River, I made a large num- 
ber of temperature measurements of the flow from 23-inch pipe 
wells, driven about 20 feet apart to a depth of 40 or 50 feet, and 
within 100 feet of the river. I found that the temperature in nine 
tenths of the wells was the ordinary temperature of ground water, 
about 48 to 50 degrees. This was in the summer, when the tem- 
perature of the water in the river was very much higher than that, 
‘perhaps at times around 80 degrees in very hot weather. Occa- 
sionally one of the wells would be 15, or, in some cases, 20 degrees 
higher than the wells on either side. This seemed to show that 
that particular well connected with some stratum which had a 
much more direct connection to the river than the others, and the 
low temperature of the other wells showed that the water was 
coming mostly through the ground for a considerable distance. 

We also found that the water in wells driven in the river bed 
would stand at a higher elevation than the surface of the river. 
Our observations showed the same condition that Mr. Johnson 
spoke about as occurring in Waltham, namely, that the wells on 
one side of the river were affected by the draft on the wells on the 

other side. 
Georce E. Winstow. Mr. Johnson speaks of the Waltham 
wells in a number of places, and it might be inferred from what he 
says that a great deal of this supply comes from the river. The 
basin, formerly called the filter gallery, is about 50 or 75 feet from 
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the river. When we increased our supply, by building a well 
some 18 feet deep in this basin, I tried a number of — 
to find out how much water we took from the river. 

Before digging this well we made tests with a 5-inch pipe driven 
about 83 feet deep between the basin and the river. This well 
would yield with hard pumping 175 gallons of water a minute. As 
an experiment to see whether this well would add to our supply, 
I pumped the water into the river for twenty-four hours, noting 
the level in the basin and the amount of water pumped, the water 
being kept at the same level in the basin in pumping to our reser- 
voir. I found that in pumping it into the river I decreased the 
amount of water from its normal condition. I then turned the 
flow into the basin, and found that I increased the supply. This 
experiment showed that we could get more water by driving wells 
near the basin. We concluded, therefore, to increase our supply 
by putting in a well inside the basin. ; 

The question then arose as to how much water we would get from 
the river and how detrimental it would be to draw so much water. 
So I suggested the idea of putting a driven well over on an island 
across the river, the well being about 1 000 feet from the basin. 
I was laughed at a good deal, however, for having an idea that I 
could draw water from that island into our well. While building 
the new well I had readings taken on the island three times a day, 
and I found that we lowered the water there to a maximum depth 
of 2.8 feet below the water in the river. When we were not pump- 
ing, the water came back to its normal height, which was 0.2 of 
a foot above the water in the river, making a total of 3 feet that 
we lowered the water in the well 1000 feet from the basin and 
across the river. So we were satisfied that we did draw the water 
from there. 

Furthermore, Mr. Noyes, formerly city engineer of Newton, told 
me that we went a good deal further than that. He said, “‘ You 
lower the water from six inches to a foot in our Auburndale wells 
when you are drawing your well down to the lower level and hold- 
ing it there.” Those wells were two miles from the basin. 

Experiments were tried to find out how much water came from 
the river by making tests of the temperature of the water in the 
basin and in the river. When the water was drawn down and the 
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men were at work shoveling the earth out, I got temperatures 
- of 52, 53, and 54 degrees, according to where I put my thermometer 
in the basin. There was a slight difference there, very little of it 
being up to 54 degrees. When it went from the pumps — there were 
seven centrifugal pumps working, three of them 8-inch and four 
of them 6-inch pumps — it ran through a weir to the river; at 
this weir the temperature was 54 degrees. Of course I don’t say 
that that was the temperature of the water normally; it was the 
temperature of the mixed water as it came from the basin, in- 
creased perhaps a little by friction in its passage through the pipes 
and the pumps. The water in the river at that time stood at 72 
degrees, and we got a rise of 2 degrees from the different causes. 

Now I don’t know, and I don’t know of anybody who can tell 
me, how much of that water came in from the river under the condi- 
tions I have named. I know that it would take a lot of it to bring 
it up the last 2 degrees, but a very little to bring it up the first 
2 degrees, so I am satisfied that there was but a very small amount 
of water came in from Charles River. 

Mr. Joun H. Fiynn.* I would like to ask Mr. Johnson if he 
has had any experience with the witch hazel stick, and if so, what 
his experience has been and what he thinks of the man who 
manipulated the stick? 

Mr. Jonnson. I have seen many successful wells located by the 
witch hazel stick, but the stick was always handled by a pretty 
clever sort of a man, who knew where to look for water. 

I had thought that the witch hazel stick had gone out of busi- 
ness, but I ran across a case last summer where a well had been 
located in that way, and the owner, although rather skeptical 
about the witch hazel, considered the results marvelous. The 
owner described how the man wandered around aimlessly with 
the stick, and finally came to the bottom of the valley, where he 
paused, went back and forth, and seemed to have found some- 
thing. Finally the stick went over, and the man dug his heel into 
the ground and announced that there was water there. This he 
did three times, locating three different springs within a radius 
of five or ten feet. When the well was dug, there were the three 
streams of water entering it as prophesied, much to the amaze- 
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ment of the owner. The springs dried up in summer, however, so 
that another well had to be dug in a more favorable location, but _ 
the witch hazel stick had not failed. 

I would like to add something to what Mr. Thorpe has said with 
reference to Newburyport. The impossibility of telling from 
surface indications what there is beneath the surface was well 
illustrated there. The area on which the water is pumped is a 
gravelly hillside sloping rapidly toward the Merrimac River, the 
top of the slope being at least 75 to 100 feet above the water of the 
river. The soil appears to be sand and gravel, and the only visible 
outlet for the water is a ravine with steep sides, which cuts into 
the bottom of the hill. In this ravine there is a natural spring, 
which has been one of the sources of water supply for many years. 
To make certain, however, that the water would not go in some 
other direction when it was put on this gravel slope, test wells 
were driven all over the slope. It was found that, even on the 
steep slope leading toward the river, some of the ground water 
evidently went in a direction opposite to the slope and away from 
the river. : 

In the ravine near the foot of the slope and below the natural 
spring, it was proposed to construct a cut-off dam to prevent the 
escape of any water through the ground, and test wells were 
driven every few feet across the ravine in order to determine the 
necessary depth of the cut-off dam. These test wells indicated 
that the ledge followed the contour of the surface quite closely, so 
it was proposed to carry the cut-off dam down to the solid ledge. 
When the cut-off wall was built, however, it was found that what 
appeared from the test wells to be ledge was simply a mass of loose 
bowlders, every one of the test wells which had been driven to find 
the ledge having struck on one of these stones. This experience 
simply shows the unreliability of surface indications, and that 
at times even test wells may give a wrong idea as to the formation 
beneath the surface. 

Mr. Harotp K. Barrows.* I was especially interested in what 
Mr. Johnson said regarding the testing of wells, and his opinion 
that a ground water supply should be tested by pumping, if practi- 
cable, up to or beyond the amount of the probable future con- 
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sumption. I think this is excellent advice. In case it is not practi- 
cable to carry the pumping test to this extent, it is of interest to 
know something about the manner of predicting the probable 
future yield. 

Prof. Charles S. Schlichter, of the United States Geological Sur- 
vey, has investigated very fully along those lines, more especially 
in the West, and has developed some complicated formule (to 
which, I presume, Mr. Johnson referred) applicable in studying 
the direction of flow and amount of ground water available, which 
are not of much practical service to the engineer. He has, how- 
ever; gone further and evolved some practical results. [See Water 
Supply Paper 140, United States Geological Survey, page 86 et seq.] 
He defines the specific capacity of a well as the amount of water 
furnished under a unit lowering of the surface of the water in the 
well by pumping. Thus if the water in a well is lowered 2 feet below 
the natural level by continuously pumping from it, at a rate of 20 
gallons a minute, the same well may be expected to yield approxi- 
mately 40 gallons a minute if the water is lowered 4 feet below the 
natural level. He further states that for shallow wells the yield 
will not increase in this direct ratio, but will be considerably less 
on account of the decrease in percolating surface due to the lower- 
ing of the water plane in the neighborhood of the well. 

It is likely that Professor Schlichter’s conclusions are not gener- 
ally applicable to our New England conditions, where there are 
frequently many changes in strata and material in comparatively 
short distances. There is a dearth, however, of reliable data from 
pumping tests of wells under various conditions, and if such infor- 
mation were at hand in systematic and comparable form, analysis 
might enable some conclusions to be drawn that would be of service 
in predicting the probable yield of a well from a pumping test with 
a delivery less than the future amount required. 

Another subject of interest in connection with ground water 
supplies is that of large wells. We do not often hear of wells of 
large diameter being built, the ordinary method being to drive a 
number of wells of comparatively small diameter. Ustially the 
latter is most economical, especially in first cost. Now, are there - 
not sometimes locations in which a large well may in the long run 
better suffice to provide a water supply? What I have in mind is 
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a case where the material is a rather fine sand, which does not. 
yield the water readily, and where the reservoir capacity of a large 
well would be a distinct advantage; that is, it would be filling 
while the pumps were not in operation. I should be interested to 
have this subject discussed at greater length, especially in regard 
to the cost of such wells and methods used in their construction 
at different locations. 

Mr. Witu1AM F. Sutuivan.* Mr. President, I was interested in 
the question and remarks of Mr. Flynn with regard to the so-called 
witch hazel experts or water smellers. I was on a job where they 
employed a marvel of a man, who claimed to possess powers and 
wisdom beyond the ordinary mortal when it came to locating 
ground water. A cruising party, including the fellow with the 
divining rod, started along and parallel to a river bank on a path 
leading across a small footbridge covered with sand and dirt and 
fringed on both sides with bushes. Under the bridge flowed a 
small, swift-running brook. The “ wonder” had a stick in his. 
hand, feeling happy and looking wise. As he crossed the bridge 
the stick did not show any agitation or indication of water. We 
called his attention to the lack of sensitiveness of the rod. He 
appeared embarrassed, but explained it away by saying that sur- 
face water had no effect on the rod or the electricity in his body. 
We continued further along and led him directly over a spot where- 
a few days previously we had driven and washed down a test well 90. 
feet deep, which yielded 50 gallons per minute. The pipe had been 
pulled up and a twig thrown over the hole in the ground. Again 
the divining rod failed to detect, this time, ground water. After 
being told that there was an abundant supply there, he tried again, 
and he reckoned that he had not been holding the wand just right. 
About this time he was somewhat of a discredited prophet. 

From the man’s talk and explanations, I came to the conclusion 
that this particular wonder-worker was only a poor human being 
like-ourselves, not even possessing the knowledge we had, as we: 
had samples of the strata to guide us on our hunt for water. I 
believe that he worked on the assumption that water underlaid the 
surface of the ground in large or small quantities almost every- 
where, particularly where the surface indications showed large 
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deposits of sand and gravel; and that, in case of rock formation, 
the drill would sooner or later strike a seam below the water table; 
that this fissure would ramify off in different directions and permit 
more or less water to percolate into the well. Experience has 
proven this assumption correct, as there is water in the different 
kinds of material, such as clay, sand, and gravel, below the water 
table, the question of quantity depending on the porosity of the 
material if backed up by sufficient drainage area or an adjacent 
surface supply. 

Mr. Johnson speaks about test wells and subterranean streams. 
I have always believed that these so-called subterranean streams 
were nothing more or less than water percolating through coarse 
material to a lower level, and that certain reports which give the 
impression that you could float a log through an underground 
channel were erroneous and misleading. The subterranean basin, 
however, is present wherever you are able to get water from a well. 
The extent and capacity of a basin depends on the extent of the 
deposit of sand, gravel, or other water-bearing materials and the 
percentage of voids. 

My experience has been that test wells show the extent of a 
subterranean basin and how much it is affected by pumping, and 
its recuperative powers. Test wells also show that the water feeds 
into the basin from different directions and at different rates of 
flow, and that the frictional slope is not the same in all directions - 
from the well system, showing in the average well plant that there 
is a freer passage in some directions than in others, and that sub- 
terranean basins do not draw down uniformly around a gang well 
system. 

In regard to temperatures, my experience agrees with Mr. 
Johnson’s. In some well supplies, the temperature in the spring is 
between 48 and 50 degrees as a minimum, and, as the season ad- 
vances to the summer months, the temperature increases to about 
67 degrees, while the temperature of the surface water is about 
75 degrees. When the temperature of the surface water drops 
in the fall, the ground water continues warm until about November. 

I would like to ask Mr. Johnson if he can give the reason why, 
when a gang of wells are being pumped and the temperature of the 
water from the gang wells is 65 degrees, an individual test well 
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located within the zone of the draft, say, within ten feet of the 
well system, has an almost uniform temperature throughout the 
year? 

Speaking of imperfect filtration and the deterioration of water 
from wells, I would like to ask Mr. Johnson if he knows, in the case 
of a well plant located near a stream or pond, the analysis of the 
well water indicating imperfect filtration, whether or not all of 
the filtering material that lies between the wells and the surface 
water is affected? In other words, has the material as a whole 
become imperfect filtering material, or is it just a small portion 
around the open end or around the strainer of a well? To put the 
question in another way, if you should move such ‘wells five or ten 
feet and keep the same location of the suctions or well lines, would 
the water be as good as was obtained when the plant was first 
installed? 

Mr. Fitynn. Mr. President, I am a little interested in this witch 
hazel matter, for I claim to have a certain gift in that direction 
myself. In this city we have four wells which I located by a stick. 
We use them instead of ice for lowering the temperature of water 
for drinking purposes. In every case I found water where the stick 
indicated that there was water, and I found it at the temperature 
of 50 degrees. Within two months I have located a well for the 
tuberculosis camp in West Roxbury. They wanted water out 
there, and we didn’t have any water within quite a distance of 
them, and it would cost something like $8 000 to have the water 
main extended to their camp. I didn’t use the witch hazel stick 
in that case. I went over to a house across the street from where 
the camp is and I cut a twig off an apple tree, and I found it would 
work just as well as the witch hazel. It all depends on the man 
behind it. Now, there is something in this. Nobody has ever 
explained what it is, whether it is the magnetism in the man or in 
the stick, but of course I claim it is in the man. I will tell you how 
it has worked with me. In two or three cases where there were 
strong indications of water, and where I got water very close to 
the surface of the ground, and an abundance of it, I held the stick 
in my hand and did my utmost to stop the stick from going down; 
I tried to keep it from going down, but it went down in spite of 
me, turning and leaving the bark in my hands. 
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Mr. Joun C. Wuitney.* I should Jike to ask Mr. Johnson why 
the inflow of surface waters into a ground water supply located 
‘near a stream should largely increase the amount of iron in that 
ground water? 

Mr. Jounson. First, Mr. President, in answer to Mr. Barrows’ 
question in regard to the use of large dug wells, I would say that 
I think there are many places where a large well is much better 


‘than driven wells. There are other places where a large well 


would be better if it were not for the greater cost. In rather fine 
material, or where for any reason the flow through the ground is 
somewhat slow, it is a great advantage to have a large quantity 
of water stored in the well to supply the pumps. At the end of the 
pumping the well may be drawn to a low level, but it will recover 
before the pumps are started again. There are other places where 
the water-bearing stratum is so shallow or so near the surface that 
driven wells are not practicable, for when you draw water from 
the driven well the water level is lowered a good many feet in and 
immediately around the well, the distance depending upon the 
character of the material in which the well is driven and the rate 
at which the water is drawn. If a sufficient depth of water cannot 
be secured, it is better to dig a large well. The advantages of the 
driven wells are, first, their small cost in comparison with the cost 
of a large well; and, second, the comparative ease with which the 
driven well system can be extended to draw water from a large 
area. 

In regard to foretelling the amount of water which can be ob- 
tained from the ground by pumping at a slow rate, I would say 
that I have never been able to do it. Undoubtedly, if the porous 
material from which the water is drawn were of uniform quality, and 
extended for a long distance in all directions from the well, it 
would be perfectly possible to make such computations. In 
practically every case of which I have any knowledge in this part 
of the country, the conditions as to the character of the soil and the 
depth and direction of the different strata are so complicated that 
it would be an absolute waste of time to attempt any such calcu- 
lation. In some cases with which I am familiar the water is drawn 
from a pocket of porous material surrounded by impervious mate- 
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rial, and the volume of water which could be obtained could not 
be increased by lowering the level of the water in or around the 
wells. In other cases the wells are situated near or in a large 
deposit of sandy soil, and by lowering the level of the water in 
the wells a few feet a great increase is made in the area affected by 
the wells and in the quantity of water flowing toward them. 
Some time ago I made the prediction, based on information 
obtained from studying the quantities of water previously drawn 
and the corresponding changes in the level of the water, that a 
certain well would yield about 250 000 gallons per day in a very 
dry season. During the last two summers, which have been very 
dry ones, water has been pumped from that well at the rate of 
about a million gallons per day, and it became my unpleasant 
duty to explain this discrepancy in a town meeting a short time 
ago. 
grt Sullivan asks why the temperature of a test well somewhat 
off the line of wells from which water was being pumped should 
be low and the temperature of the gang wells high. This probably 
means that the water coming from different directions toward the 
wells has different temperatures, and the test well which he speaks 
of as having a low temperature was in the vein which came from 
a district furnishing cold water. If the gang of wells was beside a 
surface source, I would say that much of the water came from the 
surface source by direct or indirect filtration, but the test well was 
in a vein of water which was either coming from the land side and 
not from the surface source, or was coming more slowly from that 
source. 

I do not think moving the wells affected by iron further away 
from a stream would do much good unless they were moved a 
considerable distance. The appearance of iron is not due to the 
deterioration of the filtering material, but rather to the change in 
the rate of filtration or the draining of the water through some new 
channel. It is just the same as if Mr. Collins increased the rate of 
filtration of the Merrimac River water at Lawrence. He would get 
If the rate were sufficiently increased, he would 


poor results. 


undoubtedly get iron. 
Where wells are located a sufficient distance from a surface 


source so that water is drawn from that source over a large area, as 
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in the case of a location near a stream, where the water may enter 
the ground for several thousand feet above and below the wells, the 
water is not likely to deteriorate very rapidly. 

Mr. Whitney’s question as to the reason why the entrance of 
surface water into a ground water supply located near a stream 
should increase the amount of iron in the ground water is a some- 
what difficult one for me to answer as it involves considerable 
chemistry. In a general way, it means imperfect filtration of the 
water. Exactly the same result is seen when sewage is applied to 
sand filter beds at too rapid a rate or in too large doses. One of the 
first indications of such abuse of a sewage filter is the presence of 
iron in the effluent. No water which contains oxygen or air, con- 
tains iron, since the oxygen will unite with the iron, forming 
an insoluble oxide which is left behind in the soil and which some- 

‘ times gives the soil the appearance of iron rust. Perfect filtration 
means that there is always sufficient oxygen to burn up the organic 
matter. Now when you draw water from a pond containing a lot 
of organic matter through a bed of mud on the bottom, there is not 
sufficient air in the water to provide -the requisite oxygen for 
burning up the organic matter, and it is necessary that there 
should be an opportunity for oxygen to get at the water as it is 
drawn through the soil before it enters the well, or there will be 
iron in the water. This is a simple explanation, bvt I believe it 
does not tell the whole story chemically. The further away the 
wells are located from the source of the water containing organic 
matter, the less chance there is of getting iron in the water, because 
it gives so much more opportunity for the oxygen, which is nor- 
mally present in all sandy soil, to get at the water. 

Mr. Ropert S. Weston.* The chemistry of iron in ground 
waters is rather a complicated subject, and I know of no simple 
statement of the conditions which would be better than Mr. 
Johnson’s. Those waters which contain the least iron are those 
which have had the most oxygen admitted to them during their 
history, either before or after they come to the surface of the 
ground. The decomposition of the organic matter in the ground 
uses up the oxygen and produces gases which dissolve the iron. 
Iron-containing waters, when exposed to the air, rapidly absorb 
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oxygen, which, in the course of time, causes the iron to rust, that 
is, to become insoluble and precipitate. This precipitation is 
helped or hindered by various factors, a description of which would 
require too much time. 

There is one point in connection with Mr. Johnson’s paper 
which I would like to emphasize, and that is the necessity of con- 
ducting pumping tests, not only through a dry, but through a 
fairly wet, season, especially when wells are located near meadows. 
In these cases the water coming from the highest side is apt to be 
very good, while that coming from the meadows may contain iron 
in a form difficult to remove, especially after a sudden shower has 
fallen upon this meadow or it has become flooded by an overflow. 
In these cases the water seeps down through the peaty matter in 
the meadow, dissolves out the iron, and contaminates the water. 
This contamination might not reveal itself if the pumping test 
were conducted through a dry season only. It would be well in 
all cases to continue the pumping tests well into the wet season. 
The more information one can have regarding the quality of the 
water in addition to a knowledge regarding the quantity of the 
water, the better. 

I am very glad that Mr. Johnson has emphasized the fact that 
one man can see underground about as far as another, and that in 
New England the water-bearing sand and gravel exist in pockets 
and not in layers, as they do in other countries and in other parts 
of this country. 

Regarding the infiltration of pollution from surface sources into 
filter galleries and wells located alongside of them, there is some 
difference of opinion. The fact was denied a few years ago by 
many advocates of ground water, but recent experiments have 
shown that such infiltration does occur, and the amount is a func- 
tion of the differences in level of the ground and surface water, the 
thicknesses and sizes of material through which the water has to 
pass, and the rate of pumping. In Dresden slight pollutions of 
the ground water supply have followed floods of the Elbe. In 
northern Germany wells near drainage canals have proved bad, 
while those some distance away have furnished good water. 

_ Mr. Harry W. Cuarx.* Nearly all soils and gravels contain 
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iron in combination with silica and other mineral substances, and 
if a water containing organic matter enters the ground from a 
pond or river with not sufficient oxygen present to oxidize this 
organic matter, it takes for this oxidation oxygen from these basic 
oxides in the soil, reducing them to a soluble form. When the 
water is exposed to the air, ferric hydrate if formed and precipi- 
tates. The presence of iron is not, I believe, a question of distance; 
it is simply due to the fact that the water does not start with 
enough dissolved oxygen to oxidize the organic matter present. 

Mr. M.N. Baxer.* I was particularly interested in Mr. John- 
son’s statement relating to the percentage increase in ground water 
supplies from 1879 to 1909 in the state of Massachusetts. This has 
occurred to me as in part explaining it: In 1879 there were in 
Massachusetts, as in the other states of the Union, a comparatively 
small number of water works, and they were divided into two 
classes, broadly speaking. One was for the larger cities, that 
might not so readily draw upon ground water for their supply; 
and the other class of water supplies was for the smaller places, 
many of which had originated early, when there was an oppor- 
tunity to bring in a small gravity supply from some near-by 
source. Pumping was not involved. 

In the course of time a large number of water works have been 
built, and in the last few years the new works have been almost 
wholly.in the smaller places. For the smaller places it is very much 
more feasible to develop a ground water supply than it is for the 
larger places. It seems to me that that might in part account 
for this percentage change. 

Unquestionably the arguments which have accumulated in the 
last few years in favor of ground water supplies as against surface 
supplies, on the point of superior quality, have had a great deal 
to do with the percentage increase in the ground water supplies, 
and deservedly so. I think it is worth noting, perhaps, that there 
. has been the same general increase in the percentage of ground 
water supplies in other parts of the world, and that it has been 
noticeable in Germany. There, if I am correctly informed, there 
has been in the last fifteen or twenty years a very remarkable 
turning to ground water as a source of supply. This has even had 
* Editor, Engineering News, New York. 
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’ governmental sanction, if not official pressure, including even the 
personal influence of the emperor of Germany. 

There is an attitude of the Germans in regard to water supply, 
and particularly in regard to stream pollution and sewage puri- 
fication, which I think we ought continually to bear in mind in this 
country. I noticed when I was in Germany, and it has come to 
my attention from time to time since, a letting up in the attempts 
at a high degree of sewage purification, and an accentuation and a 
greater insistence upon the purification of all water supplies. I 
think the movement for ground water supplies in Massachusetts 
and elsewhere is largely a recognition of the fact, as is so well 
brought out in the paper, that we cannot depend upon sur- 
face water supplies in point of purity unless we resort to purifica- 
tion. Now the more we follow out that line, the more, I think, we 
will see modifications in the attitude of the people of the country 
towards sewage purification. We have got to have sewage purifi- 
cation in order to protect many of our streams, but we must get 
away from the popular idea that we can purify sewage so as to 
make it a safe drinking water. 

There is a very extensive German literature on the science of 
ground water flows and on the yields of wells. Underground 
water flows have also been studied by the United States Geo- 
logical Survey, and while, as it has been very well put, those studies 
have far greater significance elsewhere than in New England, yet 
they have significance. Those who wish to be guided by all that 
is available on the subject should have recourse to the German 
literature and also to the quite voluminous literature that has been 
published by the Water Resources Branch of the United States 
Geological Survey. 

Mr. Suutuivan. There is one other matter connected with well 
supplies that has always impressed me, and that is the cost of 
maintenance, the cost per million gallons pumped, and the yearly 
cost of a ground water plant as compared with the cost of a filter 
plant, the cost, so far as I know, being much in favor of a well 
plant. 

Prior to the time the State Board of Health took up the matter 
of water purification, a town or city installing a water supply 
could go to almost any stream or pond and take its supply and 
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take it raw. Now that has all been changed. It is almost compul- 
sory, and rightly so, that supplies should be pure and wholesome, 
and the cost of getting a pure supply, in many cases going miles for 
it, where once it could be obtained near at hand, and the enormous 
costs of pipe lines, storage areas, and dams for surface supplies, 
make such works prohibitive in many instances. First-class and 
up-to-date filters are expensive, and where unpolluted surface 
supplies are not available, or where a suitable well supply cannot 
be found, filters are necessary. 

On the other hand, where a well supply can be found, it is usually 
adjacent to a city or town, and can be installed at a low cost. 
Well supplies have solved a difficult problem tee many towns, 
cities, and industrial concerns. 

In regard to the comparative cost of obtaining a water supply 
from surface sources, filters, or wells, I would like to ask Mr. 
Johnson if he has any comparative figures showing the cost of 
installation per million gallons. Also, whether he has any data 
showing the comparative cost of maintenance of well plants, as 
against the cost of filter plants, say, for about a pumpage of five 
million gallons per day. 

Mr. Jounson. I haven’t any such figures. Of course, the 
difference is great because a well plant, as has been said, costs 
very little to maintain, much less, probably, than the cost of 
maintaining the mechanical parts of a filter plant. In addition, 
you have in a filter plant the cost of removing and cleaning the 
sand and the cost of constant attendance. 

Mr. Sutiivan. I would like to ask Mr. Johnson if a well plant 
is not less liable to accidental pollution than a filter plant? 

Mr. Jonnson. Unquestionably. It is hard to conceive of any 
serious accidental pollution of a ground water supply, while it is 
always possible in a filter plant by ignorant or careless operators 
to let impure water pass the filters. . 

Mr. Weston. Mr. President, Mr. Sullivan might be interested 
to know that the cost of a ground water supply with a plant for 
removing iron would be less than the cost of a surface water supply 
with sand filtration. 

Mr. M. F. Cotiins.* We have a good opportunity in Lawrence 
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to judge of the cost of operating a filter plant. On our open filter 
the cost of maintenance will run anywhere from $5 close to $6 per 
million gallons. On our new covered filters we have kept a pretty 
accurate account of the cost of operation, and we can operate 
them for a little less than $1.50 per million gallons. That shows 
clearly what a benefit there is in having a covered filter, where 
you eliminate ice formation in the winter. Another advantage is 
that you are able to enter it at any time for cleaning, whereas 
with the open filter you have to depend a great deal on the weather 
conditions. 

We have had a little experience up in Lawrence with driven 
wells. We spent somewhere in the neighborhood of $6 500 in 
experimenting with them. Mr. Johnson speaks about the superior 
knowledge of some of the oldest inhabitants as to just where 
water can be found. We have had a few of this type of citizens 
to contend with. One of them had a plant which he knew would 
give the city of Lawrence 10 000 000 gallons a day easily. We 
went up and tested his wells without favorable results, and he 
came down and complained that we didn’t give them a fair test. 
He was on an elevation of some forty feet above the Merrimac 
River and had a spring from which he was selling water to the 
citizens of Lawrence. He claimed he was getting his water from 
an underground source which came from Vermont, flowed through 
southern New Hampshire, and thence down to his place. How he 
got that knowledge, I don’t know; probably Mr. Johnson could 
tell. [Laughter]. The city government felt that we ought to 
give his spring another test, so we fortunately obtained the late 
Mr. Smith, a very good, reliable, honest man, to make tests for us. 
We went up there again and drove some three or four wells, and 
did succeed in one of them in getting about six gallons a minute. 
In the others we couldn’t work the pump handle at all, it was so 
air-bound. 

There was another gentleman who had a lot of land partly in 
Lawrence and partly in Methuen, where the two police officers 
lost their lives, who said that he had water enough in his plant to 
supply Lawrence for the next one hundred years. So, at the re- 
quest of the city government, we sunk two wells, one about 
thirty-eight feet, and the other about forty feet deep. We pumped 
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* for an hour and didn’t get a gallon out of either one of them, so 
that gentleman’s theory was knocked in the head. 

When you are working on tests of this kind, it is astonishing 
how many people know just where water is to be found, and how 
much will be furnished. A German came down to the office one 
day and told us that he lived near a place called Sow Brook, 
pretty near the Methuen boundary line, and said that there was 
a fine flow of water there, sufficient for the city’s need. He went © 
before the water board and the members of the city government, 
and they requested us to go up and sink some wells. We went 
up and happened to have the city engineer with us. We saw the 
German and he told us he didn’t know so much about it as his 
wife, but his wife knew there was plenty of water there. We went 
and saw her, and she showed us the water flowing, and said she 
had no doubt that it would supply the city of Lawrence easily. 
But there wasn’t water enough to fill a 3-inch pipe, and when we 
told her how much we wanted, she admitted her ignorance on the 
subject. 

Mr. Georce A. Stacy.* Mr. President, speaking of people 
who know where underground water supplies are, I recall to mind 
a little experience we had when we were looking for our additional 
supply. There was a good man, an old citizen of the town, who 
had quite an area of land near the city, and there was a spring on 
it. He was satisfied that it was a never-failing spring, such as we 
often hear about, and that it would be foolish to go to work and 
spend $200 000, and some said $1 000000, for another supply 
when one was right there running to waste, and so high that 
part of it only would have to be pumped. Of course, we had 
very serious doubts in regard to it, knowing the condition of things, 
but he made so much talk that the members of the city govern- 
ment, not having had a chance to investigate such things as 
much as we have, were rather uneasy for fear we might make 
some mistake, and so we agreed to test the well. 

We went up with a common 3-inch diaphragm pump, such as 
we use on the ditches, and put two men at work. We set up a 
little weir and we pumped one afternoon. We pumped this well 
down to within about two feet of the bottom and held it there 
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with very little work all the afternoon. The old gentleman was 
quite elated. He was a man whom we all respected, and he be- 
lieved just what he was talking about, that there was water 
enough there. In the morning the well was full again. Then 
he thought he had the real thing, sure. But we went up there and 
put in two pumps the next day, and in the middle of the 
afternoon the well would supply one pump part of the time only. 
' The result was that after that day’s work that well, or spring, 
didn’t fill up again, I think, for about thirty-six hours, showing 
what the actual flow was. We went to all that trouble, knowing 
what the result would be, to demonstrate that this nice old gentle- 
man was wrong in his idea and didn’t know as much about water 
supplies as some other people who had made a longer study of 
the matter. We all run up against that sort of thing at times, and 
we have to cater to it to a certain extent in order to satisfy the 
people as to the true facts in the case. 
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REPORT OF THE COMMITTEE ON THE DEPTH OF 
LAYING WATER PIPE. 
[Read December 8, 1909.] 


New EncLanp Water Works ASSOCIATION: 

Gentlemen, — Your committee on the depth of laying water 
pipe, appointed at the annual convention of 1908, begs to submit 
the following report. 

Three hundred and twenty circulars of the form shown in the 
appendix have been sent out, to which ninety replies have been 
received. The information required by the circular was of two 
classes, the first comprehending general data in regard to local 
conditions and practice in laying water pipe, and the second 
covering the results of particular experiences in freezing. 

Concisely it may be stated that the result of the investigation 
made by your committee is largely negative in character, —that is 
to say, it appears that freezing has not occurred at the depths 
generally adopted for laying water pipe. Whether these depths 
are excessive, however, cannot be predicated from the information 
at hand, because where freezing has occurred there has always been 
an obvious explanation, usually little or no velocity, and an analysis 
of these explanations and of the local conditions pertaining does 
not finally justify any general deduction as to necessary depths. 

Considering the results of our investigation in greater detail, 
reference may be made to the appended tables which summarize 
the replies received to the questions of the circular. While these 
replies do not provide the information necessary for conclusions 
of much practical value, it is believed that there is sufficient in- 
formation contained therein to make their publication worth while. 
There is little doubt that if a more general response to the circular 
had been obtained something of real value might have been worked 
out and it may be that the presentation of the data now collected 
will provide a basis for future work and stimulate further study of 


the problem. 
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Table 1 shows the replies to the questions asked in reference to 
local conditions and practice, and Table 2 gives the information 
obtained of actual cases of freezing. From these tabulations it is 
apparent, as already stated, that in general the depths now used 
are sufficient to prevent freezing, but it is less evident whether or 
not these depths could safely be reduced. Either it must be 
concluded that present standards express the results of a gradu- 
ally developed experience and that the present depths are the © 
least which would be safe, or else there is a possibility of lessening 
these depths without danger. This conclusion is indicated from 
the fact that with practical unanimity all replies state that the 
present depths are sufficient, and a considerable number suggest 
that lesser depths might safely be used. Whenever freezing has 
occurred it has been largely at night or where there was practically 
no current, and it is believed that where there is a velocity, say, in 
excess of one quarter of a foot per second, and particularly in the 
case of ground water supplies, depths somewhat less than those new 
used would generally be safe. In main feeders, and in those portions - 
of the distribution system where there will be an assured circulation, = 
the question of minimum depths should be given careful con- 2 
sideration. It is not in the mains but in the services that most 
of the trouble from freezing occurs, and in the services such trouble 
usually results from skimping by plumbers or contractors, resulting 
in the actual laying of the services at depths considerably less than 
the mains. There is a strong feeling apparent that services should 
be laid by the municipalities. 

Twenty-eight of the places replying report the tapping of service 
connections on the top of the main, 39 on the side, 12 on the quarter, 
and 7 in various ways. Freezing of services generally starts at the 
house and backs out into the main, and it is believed that if services 
were tapped on the side of the main and then dropped to the 
depth required to meet local conditions, the lessening of the depth 
at which the main is laid to that justified by the velocity of the 
water in the main would not result in increased freezing of services. 

In determining the depth of pipe, the character of the soil and of 
the surface of the ground are factors of some importance. In but 
very few places, however, from which replies were received is the 
nature of the soil taken into account in deciding as to the necessary 
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ee per min. per min. | n some cases in canal under water 
R 500 x 1.000 x 20 capacity Every night except 36 and 48 | Very clay; all Varies Varies 
av. cons. rs. junless cons. is unusually others | 
15 000 000 during freezing heavy, then operated Sun- } 
weather at times iday night, 
8 30 x 100 530 000 capacity 5 31000. | Yes R, 5,6 
P 20 x 80 0 986 000 capacity 3} 30 000 Yes 6, 10, 12 All except | 0 Ab’t miles under wate 
in winter and spring 
G 24 and 30} Variable 
PandG 8 30 x 60 € Yes 2p "1 All Low Low 
G 90 times daily cons. | 14 to Variable 8, G,4 8 
R 2.550000 cap. ; 200000 cons. and Uniform | All 
Both, R 250 000 000; 195-000 000 12 to 15 days’ supply 12 \¥es, but gravity supply is} 16 to 30 | Mix.CandG Deep | Dee 
either reserva immediately substinated. | | 
PandG)| Both R, 100 x 100 x 10 Together about 1 day’s 24 18 000 94 Variable | 850 gals. per min. Al All Usually below mains 
§, 25 x 26 supply for high service. for short time 
Pand G 8 30 x 60 ra) 317 000 5to6 5 to6 Yes 16 to Uniform G Below | In few places where 
10 | jmains are below river be« 
| Variable | 498 000in 24 hr. | Hp, 6+ 10+ 
P R Top 298 x 178 x 12 deep 4 days 12 2-000 000 Do not pump nights or 12 and 16 All 14 
Sundays 
P R deep; one 12’ deep, 2 days 2 No } 20 30 to 90 
| 3x51; 0 32.6 hrs. i6 Yes All ~~ None None 
P| Both R, 8 days = Non 
5, 100 c Cont. pumping 18 and 24 R. Hp, 8, None one 
| 
| | Uniform R, 
| 1,16 
G 5bR 2 350 000 0 | | 3to10 | Uniform Mostly R Along creeks 
a R 85 x 30 Oo _iday |. 60.000 45 000 “Wtol? | Variable. | 25.000 gals., 5 hrs. | Cc only None 
R PS 5003 0 Yes at times | 10t0 36 | Uniform R, Hp, C, G 2up 
G 362 000 000 | to 18 | Variable Shale and Hp 
0 0 Stes | Variable hrs. Various Low points 
Jeanette, Penn Manor, High points 
Irwin, 76 000 000 igh poin 
Rk 27 000 000; 12’ deep ra) In 16toM | Variable | Short All 
PG- 4R 1,9 |Cons., 6 500000 to 9 000 000 000 No 30 to @ | Uniform Cand Shale Varies | Varies 
’ 
1, 6 300 000, 17 a’p = 
2000000, 16’ deep, to 2 208 000 No to Variable 27 00 all 
@P_ | Sand 28, 640 000 §,—Tdays 1 
2.R, 58 500000, 20 deep 2.9 days 
Sand R| 80 400 000, 21 deep 0 114 000 000 cap in 
2 000 1 000 000, 24 All None None 
R, 33 400 000, 21 52 050 000 cons 
pr 320 000 No; pressure kept to 60 lbs.; 60 G,C,Hp | 13 12 
R 4000 000, 20 deep 3 days 10000 No 13 13 
280 x 110 x 15 2 500 000 16 350 600 Yes Tto 2 
= 


& 


TABLE 1.— Part I. 


GENERAL DaTA. 


j 
TEMPERATURE. | ELEVATED Sro } 
| LOCATION OF CiTyY. RAGE SUPPLY MAIx. 
| 
Both | Both K "Ox Bi days 8 10 Yes | Slight 
P 8 | O |  1500000gals, 24 No 
8 P 8 30 x 100 528 000 gals. 22 
16.1 3 & 450 to 600 G P 8s 30 oO } 4 No 16 Gel 
| Sand R G00 3 days’ supply 9 Do all pumping at night | Uniform 
| P R Circular, i3deep, 12 250 000 Yes i6 and 
of water | @ | PandG 2 x 118 4 4 3 Yes 12 and i 
8 deean! 18 to 250 1R;28 R, 3.1 acres,” to 48 
4 | 2R 21; C | 68507000; 1213-000; 16 175 000 Yes 14 to 0 
8 50x 450 000 
| Cons. 3.500 000 to 1700000 - 
8 P R £300 000 3 to 4 times 15 Yes 40 
R 162A. 0 | 55000000 16 to 90 | Uniform 
20 270 H. pt P Sand |ftanks: 37x 7; 60x65, O | 63814 No 16 to 
Tanks [56x 65;56x55.28,42x60| Total daily cons. 4944 914 
| 6 | |G P 35 No 12 to 4 
| ; 
Air B24 90 G PDand |" R 30 000 600 5 days 24 No 20 
P R 10.5 times 10.5 300-400 gals. Yes 12 and Variable | 30 to 70gals. | Si 
per min. per min. 
8.6 Below —13 | Ocean | Oto 154 s R foox1000x2 68 000 000 capaci 24 10 000 [Every night except Sunday/36 and 48) ve 
zero, but|(Jan., °07)) 7 800 000 in 24 hrs. is unusually 
not for | 15 000 000 during freezing heavy, then operated Sun- 
| _| weather at times day night. 
| 100 30 x 100 | 000 capacity 5 31 000 Yes 2 
| 50 s $86 000 capacity 33 30 000 Yes 6, 10, 12 
| 
| 10 10+ G 90 times daily cons. 14 to | Variable 
___\(Feb., °08)(Feb.,'08) 
R 2550 000 cap. ;9 200000 cons. 30 and 40| Uniform 
| Ocean | | Both R 000000; 195000000 © | i2to iS days’ supply 12 ~~" but gravity supply is) 16 to30 
| | Oto ‘Panda G |" Both R, 100 x 106 x 10 0” | Together about 1 day’s 18 000 13 500 24 Variable | 80 gals. per min. 
eae | $, 2% x 26 supply for high service. for short time 
| 150 500 /Pand G 30 x 60 317 000 5 to6 5 to6 Yes G} Uniform 
125 | | § G 8 to Variable | 438 000 in 24 hr. 
~ | for 3 hrs. 
] : 
8 | 160 | 51; 243 0 22.6 hrs. 
(Jan.. 04) 30 P 30x51; hrs 16 45 000 Yes 
7 | | |GandS| | Mom days 16 16 Res. Yes 18 and 24 
1,16 
— 20 400 to 1 150 "| 1 day 60 000 45 000 10 to 12 | Variable | 25.000 gals., 5 hrs. 
| 401 315 SandG/Pand@| 14x | Yes at times 10 to 36 | Uniform 
x 130x 16; PS, 570x342 27 
| 1% 730 G 262 000 000 14 to 18 | Variable 
— 20 —20 | 300 | 710 to 1 | Pp s 3x 150; 60x30; O 2 220 000, day 24 230 000 150 000 12 
40x50; 24x16; 40835). : 
to 22 | 30 (1000961200) Greensboro AS, 2 000000;) 0 0 $to18 | Variable 6 hrs. 
(Feb., ’99) j | Greensboro L S, 486000000 ;| 
Jeanette, Penn Manor,| 
| 20 | & | 27000000; deep | O In aay 16 to | Variable | Short 
—20 | 450 | 900 to 1 3 | PG |1,9500 000, 1, Gons., 6500000 to 9.000 000 270 000 No to #2 | Uniform 
21 d’p; 1,5 000 000, 16 | to 375 000 
d’p; 1, 6 300 000, 17d’p | 
—17 —17 7 | 2000000, 16°’ deep 6 8% 12 to 208 000 No to | Variable 27 000 
10 | @P. | Sand 25, 000 S,— 7 days 
8) | R, 58 500000, 20deep. | R, 2.2 days 
Water | 408 | 672t0 872° S R| RK, 80400000, 2ideep | | 114 000 000 cap. 24 2 000 000 1 000 000, 24 hrs. 
32 | R, 33 400 000, 2ideep | O 52 050 000 cons. to 3.000 000 
$, 200000, Sideep= C | 
| 400 850 4000 000, 20 deep | 3 days 100 000 No 12 
“eb., ’06)) | | | 
280 x 110 x 15 2 500 000 ad 


3 GENERAL DEPTH OF TO WHICH Frost ExtENpDs Deptu EXTEN AVERAGE 
| COVERING. 
= = x | E | @ 
| 
All 3 3 4 44 ij 6 
3to4 6 ij to 2 
| | | 
Sand G Below mains 3 5 3 4 Good turf covering, 3 ae 197 
Light turf covering, 2 
Rand G 5 5 4 4 
greatly 
ani Below except Below Very 
for 3.000 ft. + little 
All Varies Mostly below 6 7 to 18” to 36” 
R, Hp, 8, G 3 54 / Very | 
i slight | 
Bilt, Hp and Filling |Below except where canal water stands.| 1) to 3. More 0” to to 18” 
In some cases in cenal underwater _/ near canal walls | 
Very little clay; all Varies Varies 2) to3 Here is where Not ; Bear. Varies | 
others we have the very 
trouble deep 
All except C 0 Ab’t 1} miles under water 6" to 2” 4to6 | Ab’t 6” 
in winter and spring te 
8,G,A 8 3 5} 2 5 1’ 
All 
Mix. C and G Deep Deep Max. 5 
tu 
All All Usually below mains 2 5 i Oto 
G Below In few places where to3 to 3 tos} to 12” to12” 
mains are below river bed q, { | 
Hp, 6+ 10+ 25 3 4 | past years 
| nothing 
30 to 90 i | Very little 
All None None 6 | |. None 
| 
R, Hp, 8, C None None | 2 | 
| | | | 
sf Mostly R Along creeks | 
C only None None 1tolj | 1 to 1j 
R, Hp, C,G 1 up 2up 3} 3 
Shale and Hp 2to8 3 2 
C, Hp, R None 3 3 / 
Various w nts 2to i | 
3to4 High 3 to 9 
points 
6 to 8 6 to8 
is All 3 3 to 15 6 to to 
Cand Shale Varies Varies 2 a+ 
All 5 2 z | Very to 
All 
| 
| 
G, 6, Hp 12 2 
13 13 1 ij | Very little 
8,6 qj 


3 


BS DEPTH TO WHIC 
2 ~ ms 
s° 3h DEPTH TO AXIS OF PIPE, 
Sy Supply Distribu 
. 
.- 5 g 2 
MAINE 
1 Auburn Yes 5 to6 5 4 
2 Bangor Yes 6 
3 Brewer Yes 6 
“4 Rumford Yes 5 cover 
New HAMPSHIRE 
5 Dover Light covering 5} 5h 4} 4h 
6 Manchester Yes 4h 
7 Nashua No 43 to 5 covering except in few cases where 54 5} 5 5 
pipe is shallow. Does not freeze because of 
circulation. 
MASSACHUSETTS 
8 Billerica Yes 44 cover 
9 Boston Yes 3} cover 5 
10° Brookline Yes 4} to 51 4j to 5} 
11 Cambridge 4 cover 
12 Fitchburg Yes 4 to 5 of earth above pipe 7 | 5to6 7 
13 Fall River 44 to5. Deeper in gravel than in clay | 
14 Hyde Park Yes 4} cover with few exceptions 3 in some cases for 44 cover 
short distance 
15 Lowell bike 7 except Vary according to grade. 7 to 7) 5 trench 
in St. R. R. 
16 Lowell (Locks and Canals) No No About 5 except in 5} 
some cases 7 
17 New Bedford Yes 4 cover 4 cover Large pi 
be 
upon 
tainly 
18 Reading Yes 5 5 
19 Sharon Yes 5to4 5 4 
20 Springfield In soe About 5}. In places near surface 
21 Stoughton Yes Varies from 3’ 5” to 5’ 5” to bottom of trench j 
22 Westfield Yes About 5} 
23 Worcester 4} to center of pipe is usual depth ie 
CONNECTICUT 
2 Bridgeport Yes Many places entirely exposed in sizes 12” or| 4 cover 1} cover | 4 cover 0 
larger, but unless under constant draft by 
gravity they are emptied 
25 New London Yes 1 to 12 according to grade 4 Frost 
26 Norwich Yes 4 3 34 Yes, ab 
27 Rockville Yes 20" main, 2} to3 4 cover No paves 
28 Wallingford 4 
28 Wallingf Vas | 3 4 
New YORK 
29° Canandaigua a Yes 4} cover | | 
30 Woodhaven Water Supply Co. Yes 3} trench 
New York City 
31 Waterford Yes 5 to We lay 6 
4 to 4} in rock 
32 Yonkers No 43 | | 4} | 
PENNSYLVANIA 
33 Lewiston No 2} to 3 4 | 
34 Mauch Chunk No Merely covered 3 cover 
35 Monessen Yes 3 to 4 cover | N 
36 Reading ; Yes No 3cover. Some pi 4to 4to 
exposed for short. dist.| 
37 Shamokin 14 to 3 cover | 3 cover 
38 South Pittsburg Yes No 3} cover | 
39. Westmoreland Water Co. Yes 3 cover 34 cover 
(Greensboro, Youngswood, Jean¢ 
ette, Penn Manor, Irwin) } : 
40 Williamsport No 3 to6 1 5 trench 
41 Wilkinsburg j Yes 3 to 10 1to 2” 4” to lv”, 4)’ trench; 
over 10’, 3)’ cover 
42 York { Yes 3 cover | 
MARYLAND 
43 Baltimore 3} cover | ] 
OxnIO 
44 Cleveland Yes No 5 to 5} | 6.2 to 6.7 5.2 to 5.7 
45 Dayton Yes 4} cover | 
46 Dennison Yes 34 cover | 
47 Elyria Yes 43 to 5 cover | 
48 Gallipolis 4 
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TABLE 1.—Parrt II. 


WHICH ARE LAID. 


SERVICE CONNECTIONS. 


HYDRANT BRANCHES. 


HYDRANTS. 


NUMBER OF CASES OF FREEZING YEARLY. 


2 
£8 
a : State Method of Providing for Drai 
Be A 
a8 
gas 
Yes Side 1 6 6 5} | Sewerage, plug drip and pump out 3 575, 
Side }to4 6 7 Pingged Not often 8 to 60 
Side 1 6 4to6 7 12 Plugged,pumpout o 4 
No Side 5+ 6 5 20 | Nothing special required 0 10 
No 45° 1to4 q $ 6B 10 | Bottom drainage None this last winter S435 None this last winter 
No Side i 5h 6 9 None ~ 
No Side ito2 5 to 10 5 8 Loose brick chamber around waste 2 —-- 
Top tol) 4j 6 ry) 15 Small cobbles around foot of hydrant 0 > 
No gtol} 5 $to8 5 10 Usually through ground None for Several years This year to date, 2 Gj 
Streets have been paved Side 1 5} 6 5 10 In clay soil, gravel or chipped stones 1 in 34 years “tite 
since pipe was laid around hydrant 
No Side to 2 44 6 4 to 4} 18 Loose stone around waste 
No Side to8 6 4to6 6 25 
No Side + to 2 4} to 5 6 to 8 44 to & 10 Plug and pump out in wet ground after using ____Very few om 
No Side 1 qj Gnearly q 15 None but waste in hydrant 0 7) — 
No Side jto2 6 6 5 10 None, drains into ground. No trouble 5 in last 20 years 50 in last 20 years 
No 6to8 Bjto6 |5to®D Leak hole with loose stone around hydrant None, but occasional ly some of old-style hydrants freeze 
Side 1} to 2 4 tob 4 8 Seldom have a frozen hydrant. Operate Many years without a single case ; Several each year commence inside build 
trespass them late in fall and see that they properly then-comes a cold snap and shortly and work out” 
thy location of gas pipes, electric conduits, ete. Shatedeeaan cer. drain, Do not open them during winter have trouble with 3 or 4 dead ends 
ainly help the frost from reaching a greater depth months unless absolutely necessary 
No 45° ¥to6 Cover 4}to5 | 6to8 Cover 4} 0 Very few 
No Side § tol 4to6 4to6 45 14 Drip in bottom or side near bottom 0 3 in 23 years 
No Side }to8 4} to5 4to8 5} 4 Drain into ground automatically. Base of 0 1904, 53 ; 1905, 30; 1907, 19; 1908, 4 
f hyd. surrounded by trap rock or screened gravel 
Side form’ly on top 3to5 4to6 Bottom drips __t Many in 1903-4-5. Have been lowered since 
No Side }tol 4to6 4to6 4to5 12 Stone about drip Very few 
No Side ¥to 10 43 4to 10 43 8 to 2 Hyd. set in gravel or filling of loose stones set around it 0 Very few eon 
No Side § to 12 4 cover 4to6 4 cover 30 Some, drip connecting sewer Not any last 2 years Very few except inside cellars and hous 
Some, dry well around base poorly plumbed 
Frost less deep under Top gto4 Sto4d 6 F 18 to 20 Broken stone near bottom 0 Seldom excepting in extreme cold years in gr: 
7 depth to 4to6 0 To sewer and culverts and surrounding hydrant Practically none except 1 or more Very few except when they begin to freeze 
‘es, about 6” extra dep ito§ 3} with dead ends in some winters cold cellars 
)paved streets. Macadam Side 3 to4 6 4cover | 8 to 10 Cobbles Only at long intervals Occasionally 
No pavement Top §toy 4 Bas 4 10 Stone around drip “None in past 2 years ~~~ None in past 2years. Where 4 deep, excep 
sand, have had no trouble, but I find some in r 
and other conditions 1} to 2’ that have froze 
No Top } tol 4 4to6 4} cover 12 Hyd. packed at bottom with about 2 bbl. of stone 1 in 14 years Very few 
No Top 4 3} trench | 4to6 Waste in sand 0 No record kept 
2 lay 6” lower under brick Top and side 3 to6 4 to 5} 4to6 4to 54 5 gd with sewer or drip made by } yd. cobble 3 in 1903 a Numerous 
an 
No 45° }to8 7 4 4 6 Blind drainage by stoning up 7 dead ends, 1903-4 No record 
No Side jand } 4 to 4} 4 4 14 Set on broken stone. Quantity depending on 0 } None for three years 
nature of ground 
No Both jto2 3 4to6 | Scover 30 Automatic. We use Adams Patent Fire Hydrant, | Have had none in over 20 years dcasesinlast® years 
but occasionally have trouble in waste or drip clog- J 
ging. every hydrant in fall and 
put in good condition all hydrants 
No pavement Side }tol 24 to 33 4 3 20 Set on top of 4 bushel of crushed stone 0 j 0 
No Top 3108 3} 4t06 4 15 } cu. yd. broken stone placed around barrel 2 in 10 years Numerous 
Top j Sto4 to 30 0 0 
Top }tol 3 6 3h 12 to 36 Hydrant set in broken rock 0 | 
Yes Both } 4 4to6 34 to 5 10 Hydrant broken stone surrounding None except bare pipe on bridges Seldom 
No Side } to? 5 4to6 5 8 to 30 Fill in around drip with gravel 2’x2’x4’ So BRR OE See 
No 45° }to} 4} 4to6 44 to 5 3to8 Lae below drip of hydrant filled with about None except where street graded 
} cu. yd. broken stone covered with tarred roofing | over main 
paper to keep out clay phe 
No Side gup 3 406 3 20 None except drip None 2or3 
No § to2 3+ 6 to 8 3+ 20 Automatic drip draining into soil 
No 45° }to6 6 cover 4to6 | Gcover | 10+ Stone around base of hydrant 4, #” in 1885; 1, 4” in 1908; 2,904 frozen in 1904. e 
none in other years None since 
No Side jos aq 15 Waste through drip None None 
No 45° 3 34 cover 4to6 3} cover 8 Tile drain tonearestsewer None in 8 years ae 26 per year Paes 
No Top 3 4 4to6 43 20 Broken stone around bottom or connecting to sewer | None None 3 
No Top jto 1} 6 q 2 Drainage of bottom | None None 
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TABLE 1.—Panrt II. 


DEPTH TO WHICH PIPES ARE LAID. 
DEPTH TO AX 22 
18 OF PIPE, SERVICE CONNECTIONS. HYDRANT HYDRANTS. 
Supply Distribution BP 
System. 
3 State Method ing for Drainage 
2 : ~ tate Method of Provid or 
g é SES | rs as 2 
Yes Side 1 6 6 20 Sewerage, plug drip and pump out 
| Side jto4 6 7 7 Plugged 
Side 1 6 4to6 7 12 Plugged, pump out 
Be 5 cover a No Side 2 5+ 6 5 20 Nothing special required 
| 
| come No 45° a 5 10 Bottom drainage None 
43 No Side ? 6 5} 9 None 
8 swere 5} 5} 5 B No Side 7 to2 5 4to 10 5 8 Loose brick chamber around waste 
cause 
4} cover Top to lj 44 6 aj 15 Small cobbles around foot of hydrant 
ajcover 5 No 5 6to8 5 10 Usually through ground None f 
i Bee “hte | | Streets have been paved Side 1 6 FA 10 In clay soil, gravel or chi stones 1 
4 cover 794 No Side to 2 43 6 4 to 4} 18 Loose stone around waste 
7. | Sos | No Side to 8 6 4to6 6 5 
clay No Side 4to2 43 to & 6 to8 43 to 5 10 Plug and pump out in wet ground after using 
s | 8 in some cases for 43 cover No Side 1 rT) 6S nearly a rT None but waste in hydrant 
short distance 
» 20 5 trench No Side 2 to2 5 6 5 10 None, drains into ground. No trouble 5in 
| About 5 except in Fs No 6to8s Bp to6 | 5 to 20 Leak hole with loose stone around hydrant 
some cases 7 
4 cover 4 cover ~The ipe do not need to ! Side | 1,to2 | 4 4to6 4 7 Seldom have a frozen hydrant. Operate Many years 
be daveeed on much, but if laid with less covering would trespass them late in fall and see that they properly then comes a 
pe drain, Do not open them during winter have trouble 
upon location of gas pipes, electric conduits, ete. vements cer- ths unl bsolutel 
tainly help the frost from reaching a greater depth 
| 6 No 45° jtoé | Cover4jtos | 6to8 | Cover4} 
43 No Side § tol 4to6 4t06 4 14 Drip in bottom or side near bottom 
Abo . In place: Tface No Side to8 4to8 Drain into und automatically. Base of 
f trench| Side form’ly on top 3 3tob 4to6 Bottom drips 
About 5} No Side 4to6 4to6 4to5 12 Stone about drip 
—| to center of pipe b No Side to 10 4} 4to 10 8 to 12 |Hyd. set in gravel or filling of loose stones set around it 
| 
12 ord cover cover | 4 cover No Side § to 12 4 cover 4to6 4cover | 30 Some, drip connecting sewer Not a 
iraft by Some, dry well around base 
| cu Frost less deep under Top gto4 3t04 6 5 18 to 20 Broken stone near bottom 
pavement 
th to 4to6 To sewer and culverts and surrounding hydrant Practically 
4 | 3 3} Yes, about 6” extra dep tog 33 3} 10 with 1 hy Send 
rete 4 cover No paved streets. Macadam Side FY 3) to4 6 4cover |8 to 10 Cobbles Only a 
| No pavement Top 4 Stone around drip “None 
Ce 4} cover | | No Top }tol 4 qto6 | 4jcover | 12 Hyd. packed at bottom with about 2 bbi. of stone 1 
3} trench | | No Top 4 3} trench | 4 to6 Waste in sand 
i RSS ; 5 to at | We lay 6” lower under brick Top and side 3 to6 4 to 54 4to6 4 to 54 25 Connect with sewer or drip made by } yd. cobble 
4 to 4} in rock and brick 
No 45° }to8 q 6 Blind drainage by stoning up 7 dea 
No Side jand 4 4 14 Set on broken stone. Quantity depending on 
| | nature of ground 
Merely covered | 3 cover No Both } to 2 3 4t06 3 cover 30 Automatic. We use Adams Patent Fire Hydrant, ~~ Have had n 
but occasionally have trouble in waste or d iP clog- 
| ging. Inspect carefully every hydrant in fall and 
put in good condition all hydrants 
| 
me! BE 3 to 4 cover | No pavement Side 4 tol 23 to 3} 4 3 20 Set on top of 4 bushel of crushed stone 
| 3cover. Some pipes; 4to4j | 4¢0 4) No Top 33 4to6 4 15 } cu. yd. broken stone placed around barrel 2i 
|exponed for short dist.; 
ljte3cover  Scover Top 4 to 6 3to4 to 30 
nha Pere Top jtoi 3 6 i2 to 36| Hydrant set in broken rock 
Scover | 3} cover Yes Both 3 4 4to6 33 to5 10} Hydrant broken stone surrounding None except 
| 1 6 trench No Side jto? 4t06 Sto Fill in around drip with gravel V 
| 1toW | 4 to 4) trench; No 45° to? 43 4to6 44 to5 3to8 Sump below drip of hydrant filled with about None except 
| over 10", 3v cover } cu. yd. broken stone covered with tarred roofing | over main 
Sat paper to keep out clay 
3 cover | No Side gup 3 406 3 20 None except drip 
3} cover No 3+ 6t0 8 3+ 2 Automatic drip draining into soil 
5 to | 62to6.7 | No 45° to6 6 cover 4to6 6cover | 10+ Stone around base of hydrant 4, 
_ cover No Side jtos 5 16 Waste through drip 
3} cover } No 45° 3 34 cover 406 3} cover 8 Tile drain to nearest sewer None 
44 to 5 cover i | No Top i 4 4t06 43 20 | Broken stone around bottom or connecting to sewer 
44 } No Top 3 to 13 6 44 2 Drainage of bottom 
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NUMBER OF CASES OF FREEZING YEARLY. 


quency to Justify 
g of the Pipe Sys- 


Do These Unusual Conditions Occur 


Are the Depti# Of Pipe in Your Judgment generally Sufficient except 2s 
inder Extreme Conditions of perature? 
as 
In Mains. In Services. on 
as 
3 eee Yes No 
Not often 8 to 60 ; Yes No 
0 4 Yes No 
0 10 Yes No 
None this last Yes, ex@pt in extreme cold weather. We had service pi N 
freeze in gavel 9 under ground, winter 1906 
2 10 Yes No 
2 6 Yes No 
None for several years This year to date, 2 __ Yes, umler any conditions that have obtained since 1895 No 
1 in 34 years 2 in 34 years 
Yes No 
Very few Yes No 
0 0 Yes No 
5 in last 20 yea Yes, most cases have occurred where grade of street was low- No 
ered, leavibg pipe shallow, i. e., less than 5’ to bottom of pipe and 
during a lng period of zero weather with little snow on ground 
None, but occasionally some of old-style hydrants freeze Yes No 
ears without as case; in} Four feet is a good depth for this locality. I should not No 
a cold snap an ‘shovels want to make it any less, and certainly should not advise greater 
rouble with 3 or 4 dead ends depth 
0 Very few Yes No 
0 3 in 23 years Yes, some partsof system, i. ¢., around Lake Massapoag, are laid about 3’ 6” No 
to 3’ 9 to axis of pipe, but during winter and spring are covered with water 
0 1904, 53; 1905, 30; 1907, 19; 1908, 4 Yes No 
1 Many in 1903-4-5. Have been lowered since Yes No 
Very few Yes No 
0 Very few Yee * No 
Not any last 2 years Very few except inside cellars and houses They are; we lay all sizes in the city with 4’ of cover and think No 
poorly plumbed this sufficient even in extremely cold weather long continued 
Yes No 


0 


Seldom excepting in extreme cold years in gravel 


ically none except 1 or more 
ids in some winters 


Very few except when they begin to freeze in 


cold ce 


While experience so far as mere expense is concerned does 
not so indicate on account of occasional inconvenience and 
possibility of more, a depth of 4}’ to axis is recommended 


Not so far as 
alread: 
cerne 


pipes” 
laid are com 


nly at long intervals Occasionally Yes No 
None in past 2 years None in past 2years. Where 4 deep, except in Yes No 
sand, have had no trouble, but I find some in rock 
and other conditions 1} to 2’ that have frozen 
1 in 14 years Very few Yes No 
0 No record kept Yes No 
3 in 1903 Numerous Yes, except where services are tapped on top of main No 
7 dead ends, 1903-4 No record Yes 
0 None for three years Yes; we endeavor to have every main circulate by eliminat- 
| ing dead ends, and where we must have a dead end we provide 
a plow-<il which we open during extreme coid weather 
had none in over 20 years 4 cases in last 8 years Yes; under the conditions of opening drain gates, at low 
points and various ends or terminations of mains to cause a 
constant ¢irculation during winter months. Some gates are 
used for flushing out mains, as in our judgment it seems 
necessary #t any time after fall and spring rains 
0 | 0 Yes No 
2 in 10 years N Yes No 
0 0 Yes; we haye never had any mains freeze except in one or two 
| cases where sifeet was cut down and we neglected to lower pipe 
0 | Yes 
xcept bare pipe on bridges Seldom Yes; notrouble with mains except on brid and exposed No 
places; of frozen service due to plumbers’ skin- 
ning” wo, mostly at cellar wall 
Very rare Yes 
reupe where street graded i Yes 
N 2or3 ea; we ao not lower our mains when grades are changed ex- No 
where @vering over pipe is reduesd be less than 
3 Yes No 
"in 1885; 1, 4” in 1904; 2,904 frozen in 1904. 3 Yes No 
hone in other years None since 
None None No 
None in 8 years 26 per year a ve No 
None None 4 es 
None None j Yes No 
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TABLE 


} ELEVATED STORA 
LOCATION OF Crry. 
PUMPING SYSTEM. 
& 
3 
5 g & & 
a = £ 
Ono | 
49 Hamilton G GandP,; 3 000 000; 20’ deep 3) Consumption 2 500 000 
Jackson 665 G 8 30 x 50 1 
8 28| 12234 O | Consumption 2300 000 2 
53 New Philadelphia G 2 000 000 2 times i 
im pa | — 25 700 8 P| | Storage, 400000 000 | Consumption 3 000 000 
(Feb, 120 000.000 
55 Oberlin 49.1 25.8 —21 500 810 8 bd 8 18 x 35 Cc 1to3 { 
(Jan., "84) 
Spri 0 | 750 790 G P 30 x 120 0 2 
pringfield (Feb.,'96) s 592 000 
57 Warren (Feb.) G Pp s 22 x 140 2 
58 East Chicago 1500 P 16 x 100 2 
ILLINOIS 
59 Belleville 1000 531 G P 8 26 x 120 ¢ Fy 1 
@ Elgin 985 737 SG 
61 Mattoon 55.3 36.4 — 32 —32 725 G PG SR R, 150 000 Cc 10 times 
8, 15 x 120 
62 Peoria 50 3.1 800 440 to 750 G 20 to 38’ deep 0 4) times 2 t 
63 Quincy 55 20.5  |-22(Feb.) 750 350 8 R 320 x 420 x 26 Oo 10 days 7 
WISCONSIN 
64 Ashland 40 6.2 — 32 1000 602 to 680 8 oO 2 
(Jan., 
6 Milwaukee 43 33.3 ~18 35 1000 591 to 750 P RS R, 21 000 000; 20’ deep 8) Reservoir, 20.000 000 2 
(Feb., ’05) S, 4 diameter Cc Consumption, 30 000 000 
MICHIGAN 
_ 66 Ann Arbor —6 —6 800 850 G G R 250 x 100-x 17 8) 3 000 000 2 
67 Grand Rapids 48.1 23.8 — 589 Ss P R,HS R, 5 000 000 RS,O 13 500 000 2 
(Feb., 75 x 30 
T, 60 x 30 
68 Ludington s P 3 
IOWA 
6 Burli 61.2 3.7 1100 525 to 675 
urlington (Feb., "05) 2 
70 «Centerville 50 24.5 —6 1200 1000 G SR R, 10 x 60 Cc R, i? days ; 
S, 12 x 100 $, 14 days 
“Fl Mason Cit — 34 1350 G 180 x 34 x 20 Cc 800 000 gallons capaci 2 
72 Muscatine 49.4 22.6 7 17 —32 1200 538 G 250 x 20 x 20 2 000 000 1 
\Feb., "91)\(Jan., 
WyomiIne 
73 Green RiverangRock Springs sup- —40 to 45 1100 6260 R Green River 2 days UP. 
piyin several towns, inc. Union | (Jan. or as req 
cific Water €o. | Feb.) A Greer 
WASHINGTON 
74 Everett 515 30 0 0 Ocean 100 G R 14’ 8 deep “0 "2 020 000 gallons 1 
1 225 000 gal. 
75 Hoquian : 40 to 60 | 10 16 0 8 | oR 4500 000; 21’ deep 7) 3 days 2 
(Jan., 09) 2 
CANADA 
76 Charlottetown, P. E. I. 42 Ocean | 10 to 50 |. 2¢ R 1 250 000 2 
77 Yarmouth, N.S, 44 1} 65 8 PG E 175’ x 128 5” x 19 0 2 
79 Brantford, Ont. G P 2 
80 Kingston, Ont. 44.6 19.1 —19 300 285 8 P 5 40 x 80 ra) 628 000 capac 
2 200 000 
81 London, Ont. 46.3 29.1 w "08 =) 580 810 G P R 290 x 200 x 13.5 oO 36 hours 2 
eb., 
82 Pembroke, Ont. 1000 380 to 490 P Ox (3) 1 
83 St. Catherines, Ont. —18 —8 450 369 8 G 365 600 000 
(1904-5) 2 750 000 
84 Winnepeg, Man, 36 13 Pia ¢ 1500 756 G P R 6 000 000 E 1} times 2 
(Dec.,” 
8 Regina, Sask. —2 — 50 —50 1200 1885 G P R 1 100 000 € 50%, greater 2 
(Feb.) (Feb.) 
86 Edmonton, Alta. 37 8 —30 — 36 900° | G 2 
(Dec., 08) 
New York 
87 Rochester 47. 41 | —i4 —8 250 610 GP Rg 142 000 000; 25’ deep 0 10 2 
(Jan., ’04) (Feb., *08) 8 22 500 000; 16’ deep 


¢ 
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| 2 GENERAL DEPTH OF DEPTH TO WHICH FRosT AVERAGE 
VERING. 
> ~ | > > 
8 Yes is to 0 all 2 to 3 2 3 Very little 
18 2 No 10 Variable RHpCA 4 
py 126 000 No 12 to 24 c 2 3 
20 9582 5 hours at night 12 2 
12 is Yes 12 Uniform Gs 2to3 2to3| |i) to2 14 to2 5 
23 125 000 25 000 0 € 3 3 
6 35 000 Yes 2 j c None None None | 2 |None Fy Little aN 
2 154 200 hours % | Variabie RCG None None 2 3 34 3 3 
20 745 000 Yes 16 c None None tto3 2to3 i 3 | 6to8 
16 50 000 Yes iztoD Cc Below Below 
24 No 16 to 24 2to6 34 1, t05 | 3t04 | | Very little 
20 to 24 150 000 ‘Yes 30 Variable 25 CSG pry 4 2 4 oes 1) 12 
160 000 50 000 
200 000 Yes 2 CR 15 to 1 24 2 
prt 550 000 No 12 to Cc 5 2 6tol0; 
24 No Supply tunnel under lake Cc 4 6 34 6 
No i2 to 16 | Uniform 3 3 3 3 i i i i 6 6 
13500000 No 12 to 30 All 
24 hr. 
2 25 000 to 16 3 to 15 34 4 10” | 2t6 
24 75 000 No 12 to 16 Below Below 35 
| 
2 28 600 Yes | Variable 12 hours at € 15 to 30 15 | 1} to2 
13 000 per hour 
4 4 16 CR 
UP Wo.| Yes | | Uniform None None 43 | Very little 
Green R, 24 | 
20 No 10 to 14 AC 0 3 o” Fd 6 3 Slight Very little 
8 000 Yes | Uniform CR | 
B “No 12 Variable RCG ees SF 2 2 1 | 2 
: 2 
No | SG 6 6 6 i to 17/71 to 14” 
158 300 “No 18 Variable HpsG@c to 30 15 3} 9 iy 
15 | 26 600 Yes 8 All except R 4 6 | &6 | 4 3 5 yy . 
16 to | Variabie 30% leas All Oto 170 Oto 16 3 3 None | 8 3 4 
during night 
Ts. 
85 000 None None | 4008 | 
a 1 000 000 0 Uniform Varies, 0 to 50 ij 0 
500 000 + 24, 38 generally 


TABLE 1.— Pa 


on 
on | DEPTH TO WHICH 
S ARE 
| HYDRANTS. 
Supply | Distribution | 
Sod | 25 ER for drainage. 
OxI0 | 
49 Hamilton | Top { -25 . 
50__ Jackson Yes No No Top 4y Crushed stone 
51__Lorain 5 No Side 6" 12-14" | Loose stone 
52 Marietta 3 No Top Bowlders placed around bot 
53__New Philadelphia No Top v ry iY” | Gravelly soil. No troubl 
54 Lins No #10" | No Top | a iv} Pump out after using 
55 Oberlin Yes | | | 5’ cover No 4” Broken stone around dri 
56 Springfield 529 Yes | | 4’ cover 4’ cover No |} | 4 6” 4 12’ 
57__ Warren Yes | | trench | trench | No | Side | iv’ } bushel stone or brick 
58 East Chicago Yes 2-4! 33’ No Side 4’-6" 12’ | Drip 
| 
59 Belleville 3” cover Yes | Top cover cover 8 Brick bats, crushed rock 
60 Elgin Yes @ cover No Side SFY 6-7’ 6” 6 6” 12’ Drain a few 
61__Mattoon 3’ cover No 45° 3 3’ 6” 12 Broken brick or crushed st 
62 Peoria Yes 5’ cover No 45° 5 7-19 Base of hydrant set on : 
or brick. 2 cu. ft, brick be 
63 Quincy Yes cover No 45° 43’ 6” 14’ or gravel around 
Wisconsty 
64 Ashland N i 4 16’ H t and h 
a ‘ace water collecting in tren 
65 Milwaukee Yes 6” No Side | 6 6” 10 Connect with sewer 
Micuican | i 
66 Ann Arbor Yes No Top | 6 | i? Cast-iron drip box 
67 Grand Rapids Yes 9” 5 9” @ in streets 74 16-18" 
5’ in lawns 
68 Ludington Yes cover No Side 10 with newer where 
e. 
Ag oe stone where no sewer 
Iowa é | 
69 Burlington Yes 6” cover No Side 6” cover| 14’ in fall and 
in win 
70 Centerville | Too | | |" “Drip. No connection to 
or other drain 
71 Mason City | Yes 6’ trench No Side 9g)” ig 4” ¥ fl If dirt soil, we use stone at 
ae : hydrant for drainage 
72 Muscatine Yes ee | No Both 7-6" iy 6" | G | 7 | By rock with cover of stray 
Wromine 
73 Green River and Rock Springs Entire winter 5’ cover No Top 2’ 4” | 47 Medium sized rock 
supplying several towns, , 
inc. Union Pacifie Water Co. 
| 
_____Wasnincron 
74. Everett Yes EY 2 2 10") 2 10 No 45° | 2 4”-8” Coarse gravel 
75 Hoquian Yes 23° Yes Top | 1¥ ay oy Gravel and stone around 
| 
76 Charlottetown, P. E. I. Yes cover No Side ya" 5 5° 20% No drainage required 01 
HM | pavement} count of nature of so 
77 ¥. th, N.S. B 2 Yes 4 No Side 4"-7" 3’ 3” 6” 4’ 10’ {| Sewers when convenient, 
77 Yarmou | | | sewers, plug drip and pump 
78 Montreal, Que. No | 4’ trench No Top | 4”-8" 6 6-3" Drip drains to street sew 
79 i, Ont. Yes In gravel deeper 127-18 5y/ cover No | Both | cover 6” 54” cover Vent hole at foot and al 
79 Brantford, Ont In ap | in with pit gravel at botton 
80 Kingston, Ont. Yes Pipes laid 6” deeper No Side 6” 12 ~ 8” old boiler tube to sewe: 
| where excavation is pavement 
all rock 
i don, Ont. N No 5’ cover No Top ¥ 54’ 6” 5’ cover 12’ Protected by stone and 
81 London, On’ ° placed around bottom of hye 
82 Pembroke, Ont. No 54’ 5’ 9” No Both | 4"-6" 5y’ 6 or su 
| 
83 St. Catherines, Ont. Yes | 5’ cover No Both 6’ 6" cover 25/ fone 
e 8 
drips are plugged and hy: 
pumped im used. 
84 Winnepeg, Man. Yee 6-10’ | | 6-10’ No Side i’ 23° Drip connection with sev 
$5 Regina, Saskatchewan | Yes No Side Ty Tile drain to sewer 
86 Edmonton, Alberta Yes cover No 45° 74-8" 6” 30 Drain to sewer 
New York | ' 
87 Rochester, N. Y. Yes No 5-6’ | Side | cover 4"-8" ay’ 7 3” tile to sewer 
| 


| 
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Part lV. 
} 
3. NUMBER OF CASES OF FREEZING YEARLY. 
isk 
gar 
Are the Depths of Pipe in Your Judgment generally Sufficient except 5 Pa 
under Extreme Conditions of Temperatare? aks 
providing 
In Muins, In Services. Pbk 
| 
oFad 
a 
| 0 0 Yes I No 
ne | 0 More than sufficient No 
ind bottom | 0 I Only in residences | Yes | No 
using | None | None | Never had any freezing | No 
und drip =} | 
| 1 Only in houses | No 
brick j 0 | Generally none. 3.or 4, 4 years ago | Yes No Lae 
None since winter, Several, but becoming less each Yes No 
1903 year 
d rock | One in 8 years 10 in 8 years Yes No 
y | 0 0 in 10 years | | No 
shed stone | 0 0 Yes | No 
et on stone| None in 16 years 0 The pipes which froze had 3’ to 4’ cover, whieh is hardly enough or dead ends. Five No 
rick bats or} except March, 1899 feet I think, is more than enough, and cover has recently specified as 4}’ for further 
ound waste 0 0 Yes 
| 
ind hydrant 0 5 Yes No 
unt of sur- 
in trenches 
ewer 0 0 Yes No 
box 0 | 0 Yes | 
Old mains laid in trench 4’ to 5’ deep, which did not prove sufficient, | We arelowering mains except large ones to at least 5’ 
| cover as streets are being re-improved. 
where 0 Yes. Eight years ago temperature dropped to 40° below gero for two weeks. Frost} No. With our sand, frost will not penetrate the ground 
ith broken went below mains on paved streets. First time in twenty-five years this has occurred. | for depth except under a paved or hard-packed street. The 
| flow of water is sufficient to keep mains clear. 
and after 0 Few cases, 1903, '04, '05. Since Yes. In a few cases we found city had changed the grades of streets before laying Our judgment is that in this city we should have not less 
then very few brick pavements, leaving the mains with only 3’ @” or 4’ coverfor short distances. ave | than 5’ vover over services and hydrant branches. 
had no trouble with mains in such place, but hydrant and services in these shallow places 
have been frozen. 
ion to sewer 0 None in streets. All cases in Yes. .Have had some mains but 12” to 15” underground where streets were graded. No 
houses or near surface of ground These did not freeze last winter, 1907. 
one around None except in 1905 Yes No 
straw | 0 In extreme winters, 25 Yes ¢ No 
ock None in recent years / Yes J 
4 No 
| | 
ound base 0 Many in exposed places with no Yes No 
covering 
ed on ac- 0 0 | Yes No 
ient, No Os 2 in 10 years Yes 
ump 
| sewer Very few 800 to 500 every winter. - Yes. Most frozen services occur in severe winters when the ground surface is denuded I should say not. I believe if all our services were laid 
of snow, and it is generally found that the pipes have not the regulation depth of 6’, due} to 6’ depth there would be very few cases of freezing. I 
generally to change of grade for street pavement, perhaps long after services were laid. | would not advise la; u 4 them at a lesser depth in our climate 
od all put 0 0 
ottom 
sewers 0 Average, 10 for 20 years Yes, for our conditions; 75% of pee are in rock excavation. To put them deeper wom If a main freezes at any time, it should be put deeper 
increase cost much more than earth excavation and would interfere with séwers, which 
average 6/ 6” deep. 
nd gravel | 0 0 Yes No 
f hydrant | 
wr surface{ None since 1893 Practically none; 1 in 1908 . There has never been a case of either supply mains or distribution mains freezing. Serv- No 
2 ices have oceasionally frozen when no snow was on roadway and temperature about 35° 
ow. 
In clay,| None since 1900 None except in severe winter, Yes No 
no sewer, 1904-05 
| hydrant 
hsewer | Sufficient in all cases where there is circulation, “Dead ends only freeze. No 
er 0 2% Yes No 
1 Yes No 
During the winter months 154 
house services were frozen. The greater percentage of these were on the property where the 8’ depth is not always adhered 
to, I should say that about 4 to 6 were frozen outside the street line, mainly caused 4 freezing at service casing and thence 
working into pipe. . I have also found occasions where pipes froze on the property and the frost worked back into street pipes. 
‘ 0 years, 5; 1902-3, 100+. 


inary 
depth of 44’ cover. This explanation must be made, however, that there are always a number of 


In very few cases is a service ever found frozen which has been laid cag aoe at our stated 
services froz 


en every year 


in the basements or cellars of houses where proper precautions are not taken, and the freezing process extends out through the 
cellar wall into the service in the above-mentioned statistics of frozen services. = ; 


: 
& 
| 
| 
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depth at which the pipes should be laid. In 10 per cent. of the 
replies it appears that some attention is paid to the character of the. 
street surface, although apparently there is no prevailing rule. 
Some consider that a pavement is equal to one foot of cover; others 
that pipe should be laid deeper in a paved street. An averageof 
the replies received indicates that freezing extends one foot deeper . 
in streets than in fields; also that in streets frost will reach 1 foot 
5 inches deeper in gravel than in clay, with sand half way be- 
tween. In fields it would appear that frost will extend one foot 
farther in gravel than in clay, with sand again intermediate in 
effect. It is obvious that the character of the soil is a factor of 
such relative importance as to demand consideration in deter- 
aining the economical depth. 

Fifty-three places report actual experience in the freezing of 
iipes. Allof these cases were in distribution systems and none in 
the leading mains. Fifty per cent. were on dead ends and all 
vere in pipes where there was little or no velocity. All but three 
it the cases of freezing were in pipes smaller than 10 inches in 
diameter, only seven in pipes as large as 8 inches in diameter; in 
all cases the ground was frozen below the axis of the pipe, and the 
ground water level was also below the pipe. In 80 per cent. of * 
the cases the ground was bare of snow at the time of freezing. All 
stoppages were total. Thirty-five places report the character of 
the earth in which the pipes were laid; of these, 40 per cent. were in 
clay, 48.6 per cent. in gravel, 5.7 per cent. in sand, and 5.7 per 
cent. in rock. 

Table 3 shows the latitude, average yearly and minimum tem- 
peratures (based on the United States Government Reports) of 
the places from which replies were received and also the depths 
at which the pipe was laid in these places. Obviously the tempera- 
ture depends on other factors than latitude, and, believing that 
the mean temperature of the coldest month would provide a more 
satisfactory basis of comparison, a diagram, Fig. 1, with this tem- 
perature as the scale of the horizontal codrdinate, and the depth, 
as reported, as the vertical codrdinate, has been prepared. On 
this diagram the different places, from which replies were received, 
have been plotted. There is much variation in the relation of 
depth to temperature of coldest month, as indicated by the practice 
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TABLE 3. 


TABLE OF CITIES AND TOWNS, ARRANGED IN ORDER OF THEIR LATITUDE, 
GIVING AVERAGE YEARLY AND MINIMUM TEMPERATURE, BASED UPON 
Unirep States GOVERNMENT Reports, AND DEPTH TO CENTER or PIPE 
IN DISTRIBUTION SysTEM. 


TEMPERATURE, 
Lat. Counter of 
A xX. AV. Minimum. 
| yeasty. | Extreme. | 
Edmonton, Alberta. ...... 53.5 37.04 | —30+ *8.0 
Regina, Saskatchewan. .... . 50.5 36.0+ | —50+ 
Winnepeg, Man. ........ 50.0 36.04 | —d53.5+ 7-8 
48.0 52.0+ 24+ 2.83. 
47.0 51.0+ 18+ 2.5 
46.5 40.04 | —32+4 *6.0 
Charlottetown, 46.2 42.0+ | ....: ¥*5.0 
Mone, 45.5 42.0% | $6.0 
Bangor, 44.8 43.64 | —21+ 6.0 
44.5 43.1 —17 ¥*5.0 
Belfast, 44.4 43.64 | —21+ 6.0 
44.2 44.6+ | —19+ 5.0 
44.1 45.0+ | 4-5 
44.0 46.0+ | —10 *4.0 
43.6 4404+ ..... 4.0 
Rochester, N.Y. ........ 43.2 | 48.6 4.75-8.0 
43.1 50.04 | ..... ¥*5.5 - 
St. Catherines, Ont... ..... 43.1 —18+ *5.0 
43.1 46.04 | —10+ 4.5 
Manchester,N.H. ....... 43.0 46.0+ | —10+ 4.5-5.5 
Milwaukee, Wis. ........ 43.0 47.9 *6.0 
Grand Rapids, Mich. ...... 43.0 48.7 —6 5.75 
43.0 46.34 | —20+ *5.0 
42.8 49.0+ | —10+ 5-5.5 
42.6 50.0+ —3+ *4.5 
Fitchburg, Mass. ........ 42.6 47.9 —5 ¥*4-5 
Lowell. (locks and canals), Mass. . 42.6 5.5 
42.6 50.0+ —34 5.0 
Ann Arbor, Mich... 42.5 49.1 5.0. 
42.4 | 50.0 5.0 
Brookline, Mass. ........ 42.3 | 500+ | —l+ | 45-65 
Cambridge, Mass... ...... 42.3 | 50.0+ *4.0 
Hyde Fark, Mem... 42.2 50.0+ ¥*4.5 
42.2 49.0 4.5 - 
Springfield, Mass... ...... 42.1 51.6 —o+ 5.5 
Stoug ton, 42.1 49.0+ | 13.5-5.5 


* Depth to top of pipe. + Depth of trench. 
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TABLE 3.—Continued. 


439 


Westfield, Mass. 
Elgin, Ill. 

Pal paver. 
New Bedford, Mass........ 
East Chicago, Ind. ....... 
Rock Springs, Wyo... ..... 


Bridgeport,Conmn. ....... 

illiamsport, Penn. 
Warren, Ohio 
Mauch Chunk, Penn. 
Woodhaven Water Company, N. Y. 

Centerville, Ia. 
Lima, Ohio 


South Pittsburg, Penn. ..... 
Wilkinsburg, Penn. (Penn W. Co.). 
New Philadelphia, Penn. 


TEMPERATURE. 
Av. Minimum. 

Yearly | Extreme. 
52.04 
48.5+ —l+ 
49.0+ —2 
49.4 1 
49.5+ 3 
61.0+ 6+ 
42.2 —21 
51.0+ 2 
51.0 2 
50.0 1 
50.3 12 
50.9+ O+ 
50.0+ i+ 
50.6 12 
50.7 2 
51.5 2 
51.2 1 
50.0 10 
53.0+ 54 
51.0 
49.0+ | —I17+ 
53.3 5 
51.1 2 
51.5 —3 
49.5+ —9+ 
51.4 —4 
51.0+ 
52.8 —3 
52.8 —3 
§2.0+ —6+ 
50.5+ —7+ 
53.6 + 
§2.8+ —3+ 
53.0+ 1+ 
§1.5+ —6+ 
53.0 0 
53.0 —7 
55.2 0 
53.54 | —ll 
54.0+ —3+ 
56.0 8 
57.0+ —4+ 
55.54 5 


* * 
occ 


* 


io 


& 
«> 
rss 


* & * 
app 


* 
wt 


* 
w 

* 


* 


* Depth to top of pipe. 


+ Depth of trench. 


| Depth to 
4 | Center of 
Pprox. | | Pipe. 
| 
4 : 
4 
4 
4 
4 
a Wallingford, Conn. ..... 4 | 2 
Cleveland, Ohj 4 i 
Lorain, Ohio 4 
Muscatine, Ia 4 
— Elyria, Ohio 4 
New London, Conn........ 4 
| 
4 
4 
| | 
ee Westmoreland County, Penn. . . : 
Springfield, Ohio ........ 
Quincy, 
‘Dayton, Ohio | 
4 Hamilton, Ohio 
Baltimore,Md.......... | 
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in different cities and towns. Presumably this is explainable in 
most cases by peculiar local conditions; in others, perhaps, ws hc an 
illogical adaptation of depth to the requirements. 

On this diagram a line has been drawn which expresses the 
relation of depth to mean temperature of coldest month as in- 
dicated by an average of the replies received. It will serve to 
emphasize the variation in depth in cities and towns with the same 
mean temperature of coldest month, which in the extreme is illus- 
trated by Mauch Chunk, Pa., and Cleveland, Ohio, the former 
satisfactorily operating pipes at a depth to axis of 3 feet 6 inches, 
and the latter believing 6 feet 6 inches to be necessary. Obviously 
local conditions other than temperature, and including depth of 
snow covering, must furnish, in great part, the explanation. In 
connection with this diagram, a map, Fig. 2, has been prepared 
showing the lines of mean temperature of coldest month in 
the United States. 

- By reference to Tables. 1 and 2 the places represented by the 
numbers on Fig. 1 can be ascertained. It will be noted that there 
is quite a marked grouping according to the depth used for pipe of 
cities and towns located geographically close to one another. 
The lesser depths employed in those places which appear below the 
average line are not explained by the use of ground water supplies, 
as there are as many ground water supplies above the average line 
as below. Those using shallow depths report practically no 
‘trouble, and the question remains whether this immunity results 
from peculiar local conditions or whether the general practice is 
unduly conservative. As already stated, it would seem that 
where there is any velocity of current, depths somewhat less than 
those indicated by this average line will generally prove sufficient 
to prevent freezing. 

While all cases of freezing sssipeied are stated to have resulted 
in total stoppage of the pipes, there are records of ice formation 
in concentric rings in pipes as large as 24 inches in diameter, the 
occurrences not being evidenced by stoppage of the large main, 
but only by loss of head through increased friction, or, in some 
cases, by stoppage of gates or smaller pipe connections by the 
ice loosening and breaking up in a thaw and forming an ice 
jam at some point of obstruction. Such formation of ice in a 
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TEXAS 
Map showing 
LOCATION OF CITIES AND TOWNS . 
from which returns have been received. a 
Dotted corrtours indlicate mean temperature of coldest month 
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layer adjoining the metal of the pipe has occurred in instances of 
extreme low temperature in the eastern Canadian Provinces in 
conduits where there was a considerable velocity. Obviously, 
as the ring of ice forms, the velocity of the water increases and a 
total stoppage does not result. In other cases of freezing, par- 
ticularly in smaller pipes, the ice formation is not solid nor does 
it start from the outside, but is rather in the form of “ slush ” 
uniformly distributed throughout the cross-section of the pipe. 
This has been noted in a 4-inch pipe, in which there was con- 
siderable velocity, laid at a depth of 6 feet in a salt marsh in New 
Brunswick. 

There is a belief or tradition in the minds of many plumbers 
and water-works superintendents that most stoppages by ice 
formation occur in a thaw which follows a period of severe cold 
weather, and the reason generally advanced for this alleged phe- 
nomenon is that the evaporation from the surface during the early 
stages of the thaw produces additional refrigeration or reduction 
of temperature at the depth of the water main sufficient to cause 
freezing. No indication of the existence of such conditions has 
appeared in the reports received of frozen pipes, and this reference 
is here made to induce the production of evidence, if any exists, 
in support of this theory. 

Your committee regrets that the lack of comprehensive response 
to the circular has made impossible the collection of data sufficient 
for a more definite and conclusive report. 

Yours respectfully, 
F. A. BarBour, Chairman. 
W. C. Haw ey. 
W. C. Hoan. 
Emit 
R. S. Lea. 
DaBney H. Maury. 
R. Winturop Pratt. 


19, 1909. 
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APPENDIX. 


(Circular Letter.) 
NEW ENGLAND WATER WORKS ASSOCIATION. 


Boston, Mass., December 30, 1908 

Dear Sir: — The undersigned were appointed a committee at the last 
annual convention of the New England Water Works Association to gather 
statistics relating to the depth at which water pipes are laid and the resulting 
experience in freezing. The subject of investigation is important in the possi- 
bility that under many conditions pipes are now laid at unnecessary depth. 

How valuable the result of the investigation will be depends largely on 
the response of the men in charge of water-works systems throughout the 
«country, to whom this circular is addressed. 

The information desired is of two classes: First, data as to practice in the 
sseveral cities and towns in the laying of pipes, and a general statement of the 
conditions which have a controlling influence on freezing. This information 
will probably be generally negative in character as regards freezing and will 
‘prove that, when laid at certain depths, pipes will not freeze. The other class 
-of information is testimony as to experience in actual cases of freezing, with a 
statement of the controlling conditions. These latter include the size of pipe, 
depth, character of soil, temperature of air and water, and, last but not least, 
the velocity of flow in the pipe at the time of freezing. 

The committee realize that in order to obtain such information it is neces- 
sary to seriously encroach on the courtesy of those to whom this circular is sent 
out. The results of this investigation will be published and made available to 
all, and it is the earnest hope of the undersigned that you will generously 
respond with such information as you possess on the subject. 

Yours respectfully, 
W. C. HAWLEY, 
W. C. HOAD, 
EMIL KUICHLING, 
R. S. LEA, 
DABNEY H. MAURY, 
R. WINTHROP PRATT, 
F. A. BARBOUR, Chairman. 
Committee of N. E. W. W. Association. 
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Par: 


| 
} 
| 
| : 
Be 4 & 
3 : 
25 
a 
MaINE 
2 Bangor 
3 Brewer 20 G 
4 Rumford 
New HampsHIRE 
5. Dover 6"--4” D 4 6” 150 G 
6 Manchester 6” D 5’ 6” 
7 Nashua 
MASSACHUSETTS 
8 Billerica D 200 Large boul- 
ders and G 
9 Boston 
11 Cambridge 
14 Hyde Park 4” D 4 9” 50-75’ G 
16 Lowell (locks and canals) 3” D Pipe exposed 7 
under bridge 
17 New Bedford 4”, 6”, 8” Always D = instance, 150’ 4” G and ashes | S 
’ cover 
18 A Zz 
19 Sharon 1}” D 4 6 341’ Hp s 
13 Fall River 6”, 8”, 10” D | G Ss 
21 Stoughton 6” D v 4 mile + C,G 8 
22 Westfield 2” and 4” D G 8 
ConngEcTICUT 
24 Bridgeport 8”, 10’, D 6 tol’ 25 to 150 Varied 
25 New London | | 
27 Rockville 6” G 8 
New Yorx 
29 i 10° D 42” 100’; about Hi 8 
30’ frozen 
87 Rochester 
30 Water Co., New York 
iby 
31 Waterford 8” D Vv &” 50 G 8 
6” D a 100 Sandy loam 8 
32 Yonkers 4” D 3’ 50 Hp, R 8 
PENNSYLVANIA 
33 Lewiston 4” D By 300 Alluvial 8 
34 Mauch Chunk V 4” | ¥ 250 Red shale Ss 
35 Monessen | 
36 Reading 100 | | 8 
39 Westmoreland Water Co. 
40 Williamsport 4” and 6” 4’ 6” 100-500 G 8 
42 York 4” (2 cases) D 12” and 24” | 75 G, C 8 
MARYLAND 
43 Baltimore 
Ox10 
44 Cleveland 4” D 43/-5’ 700 Coarse sand| S 
500 { gravel 
500 J | 
| 406 (1904) 
49 Hamilton | I | | | 
56 Springfield 3” D 3’ 1)” 600’ Cc 8 
57 Warren 2 D 3’ 50’ Cc 
INDIANA 
58 East Chicago 4” D 18” to 24” 500’ s Ss 
59 Belleville 4” D 18” 100’ Cc Ss 
60 Elgin 6” D 4 blocks G mixed 8 
61 Mattoon 
62 Peoria 4” Hyd. br. 3’ 6” cover 
a" D 3’ 6” cover 250 
4 D 3’ cover 175 8.G 8 
Iowa 
71 Mason City 
72 Muscatine 
Wisconsin 
64 Ashland 4” Hyd. br. 3” 19’ Cc 8 
CANADA 
79 Brantford, Ont. 
80 Kingston, Ont. 3” and 4” D 4 500’ R > 
81 London, Ont. 4” D 3 250’ 8 8 
82 Pembroke, Ont. 4” Hyd. br. & 9” 8’ Choulders | 8 
83 St. Catherines, Ont. 6” D 4 G,8 
84 Winnepeg, Man. 6’ and 8” D a “6 6 Cc 8 
10’ 8” 
86 Edmonton, Alberta 4" 8 5 1 000’ Cc 8 


| | 
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TABLE 2.— Parr I. 


ARTICULAR EXPERIENCE IN FREEZING OF. PIPEs. 


3¢ 
S|. 
a 
6 Nearly January | Total Several weeks Yes 
i | 
18 Yes Winter, 1906 Total | | | 1906, all winter Continuous cold 
| 0 No | February | Total | Four weeks No 
5 0 6y’ Yes Winter, 1905 Total | | “Warm weather followed dis- 
covery 
During the winter of 1903 careful measurements were made 
of the actual depth to which the frost penetrated. The a 
depth of frost in 26 different trenches was 4.4’. In all cases 
ground was 
8 Quite deep x Yes 3 years ago Total. (ba. hi: ae | 
Jan., 1895 Total —2 to +7° 3 days °No 
Ss Below pipe xX 1’ or 2 of ice Jan., 1904 Total 25 to —2* Long period We notice often that after a 
thaw commenced service 
{ pipes will be caught by the frost. 
| 
8 0 x Ground covered except} Feb., 1904 | Total for 5’ | —0° 5 weeks No ay 
space 8’ x 10’, which ha or 
pened to come in just the 
Tight spot to freeze ae 
8 Below except 4’ + Yes, covered with ice Feb., March, Total 2 or 3 weeks Pe 
under stream 1905 
8 Below pipe Yes Total 
S$ | Below pipe | Around pipe in each Both Total 0 to 20° Several days 
case 
| 8 0 Have —_ frost 5’ Yes Late in Jan. Total 0° and below Several days Steady cold us 
jeep 
| 8 10 Yes March, 1904 Total Long spell of | February and March No 
zero weather 
| 
8 0 x 6 Yes ‘Jan., 1903 Total —28° 4 months No 
Ss 0 5 6” Yes Feb., 1903 Total —28° 4 months No 
| § 0 3 Yes 1903-’04 Total 10° 6 months nad 
8 Yes Several Total 
times _previ- 
5 ous to 3 years 
ago 
8 A, =O 2?’ to 24 | Yes | Jan., 1888 Total 2 months Yes 
8 10+ 5’ or more No Jan, and Mar. Total Above freez- Yes, so warm that parties did 
ing not anticipate it freezing and 
had shut off all circulation. Pipes 
were dead ends 
8 28 and 10’ 32” Yes Feb., 1904 Total 11 days Yes 
8 Below pi Below pipe Yes Feb., 1885 Total Cold wave, 3 weeks + Y 
Probably 20° Feb., 1904 1885, 0 to 
below surface —15°. 1904 
+1 to 
8 Below pipe 34’ Yes Feb., 1896 Total 0° and below 3 months No 
Ss Below pipe EY Yes February Total 
Ss ry 4 Snow in places Feb., 1904 Total Several weeks No 
Ss 18” Yes Total 15° Several weeks 
8 Below pipe 4 6 to @ 2” Ice Jan., 1895 Total —20° 20 days Yes 
8 Below pipe 4 5” snow Feb., Mar.,’99 Total —22° Jan. 22 to Feb 16 No 
8 Below pipe 4 5” snow Feb., Mar., '99 Total —22° Jan. 22 to Feb. 16 No 
8 Below pipe 4 &” snow Feb., Mar.,'99 Total —22° Jan. 22 to Feb. 16 No 
8 7 Yes, for 3 months March, 1901 | . Total No unusual | The surface of street around hydrant had been bare 
change in of snow since early ember. © warm period. 
temperature 
Yes Jan. 20, ’08 Total About 12 days Yes 
No Feb. 16 Total | —20° Yes 
8 8-9’ 4 6” No Jan. 6,99 Total | + .—19° 3 to 4 days Yes; January 4, 49.5° 
8 Below pipe Below pipe Yes 
8 10’ 6 Yes | Feb., 1888 Total | —22° Several weeks Yes 
8 No water in| Ground frozen about| 1’ to 3’ snow on ground [Feb.29,Apr.21 Total 
trench, but 8° | down, but frozen 
sewer ¢ earth and snow being 
trench and sa in around pipe | 
exc, froze. ze it 
8 Below pipe ¢ No March 1, ‘09 Total | The date that this No 
| matter was first 
| brought to our notice was March 1, but as there had 
| been a few weeks of cold weather previous to the total 
| freezing, the freezing did not occur altogether on this 
| date, but was caused by the continuous cold weather 
et | forcing the frost each day deeper into the ground. 


TA 


probable “Velocity of Flow 
through Pipe at Time of Freez- | 
ing. (Give Rate and Hours of | 
Pumping if @ Force Main; Num- 
ber of People Se lied and Gal- 
per ‘onsumption if 
in or Distribution 


If You have Any Experience in the 
| Freezing of Stop Valves, State Size and 
Whether Placed U pright or Horizontal; 
also Whether Placed in Masonry Vaults. 


If You have Any Experience in Ice F 
Pipe to Standpipe, State Details of Ineiae 
of Feed Pipe, and Velocity of Flow in Pi 


Have had trouble with large valves placed 
upright not in masonry va’ 


Not any trouble with ice in standpipe. 


| 


Our standpipe is on high ground and _s 
from the river, until 4 years , we had 
houses, and ice 1 or 2’ ‘thick ‘ormed pads 


| 
| 
| 
| 


supply there have been only a few cases of f 
New HampsHIRE 
5__Dover Dead end No d 
6 Manchest None No 
7 Nashua 
| 
MASSACHUSETTS | 
8 Billerica Dead end No No experience since we commenced to sy 
9 Boston 
11 Cambridge No N 
14 Hyde Park No flow | Ice forms in our standpipe every winter, 
16 Lowell (locks and canals) | Almost none No ie 
17 New Bedford Very little, ifany. Freezing al- No 
be ways in distribution system and in 
dead ends, with very slight velocity. 
Never have had a large main freeze. 
18 Reading | No vertical riser in standpipe. . Inside ls 
ago and was not aced. o trouble sine 
19 Sharon _N } thi No In 1894-95, during a cold period, ice abou 
pipe: sun came out. thawed and fell inside until 
wan filling of a hole with small stones ¢ when it Byam away and broke in sections, 
was laid in street to within an the con might 
6’ o i 
. psec hour, giving a good nce to make ice 
| top of tank 2’ or pees, which indicates a ee 
13 Fall River 
21 Stoughton | Dead end | No | ; N 
| | 
CoNNECTICUT | | 
24 Bridgeport _ Dead ends. . Practically no veloc- 
ity. _ It is the writer's opinion, based 
on close observation, that any ap- 
reciable velocity will prevent 
reezing in a water main exposed or 
| buried. 
25 New London 
Rockville | No 
New | 
29 Canandaigua ! Dead end. 6 services. 1 000 gallons No 
iper day. 
87 Rochester 
30 Water Co., New York | 
ity 
31° Waterford Saccleed about * people. Dead | No Standpipe No. 1 was built with cone-sha 
| end en : running from top angle iron on upper shee! 
{ casting, cross-braced and all covered with s 
is ne very heavy. It would settle down at 
F pumps would block and jam togeth 
} = - ice, in some cases over a ton, would shoo 
/ = whole jam was forced up. It forced so har 
| a caused a rupture at the bottom row of rivet: 
i e the fifth sheet. I would never put a roof o1 
he wares revent k ice from forming ins 
32 Yonkers Dead 3 Standpipe enclosed in masonry towers. 
PENNSYLVANIA 
33 Lewiston Freezing was by lack of 
circulation and temedied by 
placing blow-off and opening same 
during cold weather, 
34 Mauch Chunk 8 families, say 35 In dig- No 
ging up the services Petick started 
trouble found only in to 24” top at 
point in gutter, cause, 
service freezing ong into 
main. 
35 Monessen | | 
36 Reading | Dead end No | 
39 Westmoreland Water Co. No 
40 Williamsport | No | 
4Z York | | 
| 
MARYLAND 
43 Baltimore | 
| 
On10 | | 
44 Cleveland ° | Not ascertainable for 1885. For| February and March, 1904, found that ice Ne 
| 1904, dead end pipe, Connections | had formed inside the domes of two 30” 
were one, 3”; one, 1”; one, §”. Proba-| and two 24” horizontal valves and one 16” 
| bly no flow’ at end of pipe for few | vertical. These were all valves on connec- 
| hours at night. Approximate num-| tions between mains and had been off. Ice 
| ber of persons gupplied on line, 120.| was sufficient to prevent opening until 
| Consumption per eapita, 100 gallons. thawed out with steam. 30” and 24” 
| valves in brick vaults. 16” had iron valve 
box. No trouble with valves that are on. 
49 Hamilton 
Springfield __| No No 
57 +=Warren 
No 
INDIANA 
58 East Chicago Possibly 2 500 gallons in 24 hours No Have seen ice projecting above top of stan 


thawed from the sides of the standpipe. 


TLuNors | 
59 Belleville Dead end, “Two eonsumers 
60 Elgin - ‘Several feet per minute Two cases of small ones on dead ends. “We lost our standpipe years ago 
ting keyed and in this position | 
it gave way and fell in a mass, suptu 
61 Mattoon Yes, in in 
| contact with wall of Bisson es line of 
outside frost. 
62 


Peoria Little or no velocity 
| Little or no velocity. Dead end ' | 


MAINE | 
2 Bangor 
4 Rumford 
We 
4 


TABLE 2.—Parr Il. 


in Tee Formation in jon or in Vertical Riser 


“ Incident, with Account of Temperature, Covering 3 Remarks. 
»w in Pipes. 

a 
dpipe. 


Land the riser is not exposed. When our.supply was 
ye had more cases of services freezing and pipes in the 
ed around riser of standpipe.. Since using the ground! ’ 
ases of freezing in services and no ice in standpipe. / 


No { 
No 
In the past there have been “ freeze ups "’ on 6” dead ends with shallow covering, say 34’ to 4’. These mains were lowered so as to obtain 5’ cover; 
since then no trouble has occurred. ‘‘ Freeze ups” occurred on several Gadvint Geananes where the ground was cleared of snow during a long period 
of low temperature. Our supply, being ground water, with a relatively high temperature at wells and springs, in conjunction with a small reservoir with 
@ capacity of only 33 per cent. greater than the daily consumption, must give our circulation a freshening and warming up that systems having a surface 
supply and a distribution storage reservoir do not get. 
| 
: 
*d to supply takers in 1899. | Have-had service pipes frozen in and around cellar walls. These were put in by contract, the ditches not. pro efly rammed, cellar walls not properly 
inted. up, or service pipes laid to the required depth. Havelaidourown services last 7 years. Cover everything 44’ and have yet to find our first 
rozen pipe. 
The water pipes were originally laid 4’ deep in Boston. Serious freezing resulted. In 1865 depth increased to 4}’ to axis. Serious freezing again 
resulted on dead ends. In 1892 depth again increased to 5 to axis. No freezing of mains has since taken place. 
No All of our troubles from freezing have been on supply pipes and those in streets where car tracks are located and the snow removed by the railroad 
| company, 
winter, but we have no damage from it. | Service pipes occasionally freeze up, usually on private land and where not covered as deeply as we cover in streets. 
No | Have used felt, tarred sawdust and hair waste where pipes are exposed or cover shallow. 


nside ladder was broken down by ice about 15 years 
ble since. 
ce about 4” thick formed on side of tank, which, when 
¢ until accumulated mass was about 6’ in thickness, ; 
ctions, away about 30’ of iron ladder inside 
rough the sheet, but otherwise did not damage tank 

eing small, water in tank will drop only about 12” an 
ve during a severe cold spell. The ice will show above} 


es a pretty good thickness of ice. 
No 
Service pipe formerly laid 24’ deep froze cold winters. Mains exposed to air (bridge crossings, etc.) have frozen, but not when water was circulating. 
Water in tank freezes 4’ or 5’ deep; water in reservoir, 1’ to 2 deep. Frost will run along a pipe for a long distance, and the pipe may be frozen, althoug’ 
? the ground around the pipe is not frozen. 
No { 


No main regularly laid at a depth of 44’ to top of pipe has ever been found frozen, and only 3 or 4 cases in all haye been found since the establishment 
of the water works 34 years ago. Hydrant branches have been frequently frozen where for necessary reasons the branches have been laid to less than 
the normal cover; and even some of the branches at our regular depth have frozen, and would freeze frequently, were the hydrants not regularly inspected 
and flushed in cold weather. Water mains (8”) crossing the Genesee River on highway stone arch bridges have frozen and burst. These mains were laid 
underneath the sidewalks of the bridges with only 4” or 5” of covering, all that pines 23 be obtained. At the time they were repaired they were boxed up and 
surrounded with charcoal, but as an additional precaution, ach winter, a circulation is maintained by opening a tap in the main at one end of 
the bridge and allowing the water to run freely and constanty toowaste;-Some-few other cases have occurred of frozen mains at dead ends where there 
was no circulation and pipe laid at an insufficient depth. 

Some years ago the grades of streets were cut down in many parts of our territory and mains not lowered in ————— consequently the next severe 
winter we had a many mains freeze and burst. Most of these were less than 2’ to bottom of trench and were small (4” and 6”). We had an 8” 
main within 10” of the surface that did not freeze (distribution main). We used the electric current for thawing out some mains quite successfully at 
that time. Aside from this winter, after which we lowered mains wherever they had frozen, we have had practically no experience with mains freezing. 


ne-shaped roof made with steel angle iron supports,| About one half our system is in slate rock, and although laid very shallow we have no trouble from frost in this section. On May 10, 1904, we found a 
r sheet to a common center and fastened to a 4” service in a shady place in clay and loam 5’ deep frozen and solid full of ice. Do not know how long it had been frozen. 

with sheet steel. In 1903 pack ice formed in stand- 
wn at night, whep pumps were shut down, and in 
together. As the pressure forced it up, huge masses} 
| shoot up out of the mass with great force until the! 
30 hard against the roof structure and braces that it 
rivets on the fourth sheet from the top and buckled 
oof on a standpipe in this climate without providing 
ng inside. Neither should a ladder or projection o' 


Ts. Flow in our supply mains constant whether consumption is large or small. For this reason our supply mains in some places are only covered by a foot 
of ground, and as yet have never had any supply main freeze up. 


Only four cases of service freezing during the past 8 years. We thaw by electricity and act promptly. 


Had 150’ of 4” distribution pipe wholly exposed from 1900 to 1905 without freezing. The circulation was good. Had a 6” and 8” distribution pipe 
frozen. Both wholly ex: .. Both dead ends owing to closing of valves. Temperature 10° for 4 days, 1903-04. 


_ None except on bridges or exposed points. We have — where street grade has been cut, and where our mains have not been lowered, where cover- 
ing does not exceed from 1’ to 2’. If street be paved with fire brick or other suitable material, our experience indicates such is worth a foot of covering. 


No ; We lay our mains in a 5’ trench in streets, not for fear of their freezing, but to compel services to keep down in streets. 


Freezing in water mains is not a problem in this climate. It occurs only in extremely cold winters and then only on service pipes where the portion 
laid by the property owners (from curb cock to house) is laid too shallow. Freezing of mains is very rate and then only smal! mains in light, loose soil. 


No On the flats; where ground water is encountered, mains and services are not lowered, provided they are covered with water. Supply mains are not 
jlowered unless they should be found to be less than 2’ deep to top of pipe or so shallow as to endanger the valve dome. Distribution pipes are laid at a 
depth of 6’ to top of pipe in order that the service connections and pipes from mains in the street line can be placed at a depth of 6’; otherwise a lesser 
depth would suffice, provided there is circulation in the pipe system. At @ great number of street intersections of pipe, laid prior to 1885, the pipe is only 
from 4’ to 5’ deep, and in some cases less than 4’ deep, No trouble has ever been experienced on account of these shallow intersections, though no doubt 
the frost in some cases extended to below the bottom of the pipe. Some mains in outlying districts, acquired by annexation, are only 3} to 4’ deep 
to top of pipe, in clay ground, and ‘the services are equally as shallow. These mains and services passed through the severe winter of 1903-04 without 
being frozen, as far as we know. In the outlying districts of the city, especially in the northeastern part, where the ground is not classed as fine sand or 
sand mixed with gravel, water was encountered 15 or 20 years ago when the mains in these streets were laid. This water was from 3’ to 44 below the 
surface and erly in a vein of quicksand, which would cause considerable caving if attempt was made to go below it. In such cases the mains were 


We have had (for 10 years) a 10° main crossing one of our river bridges which was exposed and never froze. This pipe has been replaced during sum- 
mer of 1908 with a 16” pipe for greater capacity. Length of bridge, 550’. | REE TE OIE SS 


No 
_No 


standpipe 12’ to 16 after a warm spell and it had eneave watched the system closely, and when the circulation is poor and the cold weather continued, I would open a hydrant and let it run rather than 
the c' of freezing 


My experience has led me to believe that mains, asa rule, are laid deeper than they need be. When compelled to lower to grade, we go about 30’. More 
care should be taken in seeing that services are laid to the proper depth. Plumbers cannot be trusted. 
Sgo by loose pieces of ice forming on arch and| Relating to freezing, we find the only means of preventing same is to lay all services ahd other pipe below frost line. During the freezing referred ta 
at's, poole al lowered, say, 23 to 30’, when|we used dectricity and thawed out pipe and avoided cracking aad injury to pipes. 


merally laid ‘with only 34’ to 5’ cover, or just below the water level. This territory afterward entirely drained, and in such streets the mains and services . 


: 
» 
be 
| 
| 
No 
| 
| 


uring cold period, ice about 
sun came out thawed and fell inside unti » 


3 | : | was filling of a figle with small stones when it pulled away and broke in sections, 
. after pipe was in street to within -+| tank aaa ling 3 or 4 tap bolts through ¢} 
6” of the pipe. much. e npenen ge mere at night being sms 
ie hour, giving a good chance to make ice during 
| top of tank 2’ or more, which indicates a pret 
13 Fall River 
21 Stoughton | Dead end | No No 
22. Westfield | 
Connecticut 
24 Bridgeport |. Dead ends, Practically no veloc- 
ity. _ It is the writer's opinion, 
on close observation, that any ap- 
preciable velocity will prevent 
| freezing in a water main exposed or 
| buried. 
25 New London 
i 
27__ Rockville | No No 
New 
29 Canandaiua 6 services. 1 000 gallons No 
per day 
87 Rochester 
30 Woodhaven Water Co., New York 
City | 
31 Waterford | Supplied about 50 people. Dead No Standpipe No. 1 was built with cone-shap 
| end running from top angle iron on upper sheet | 
i casting, cross-braced and all covered with sh 
pipe very heavy. It would settle down at! 
; starting pumps would block and jam to thet 
| of ice, in some cases over a ton, would shoot | 
; whole jam was forced up. It forced so hard 
| caused a rupture at the bottom row of rivets « 
the fifth sheet. 1 ould never put a roof on : 
a way to prevent k ice from forming insid 
32 Yonkers | Dead end Standpipe enclosed in masonry towers. 
PENNSYLVANIA | 
33 Lewiston Freezing was caused by lack of 
circulation and was remedi by 
| placing blow-off and opening same 
during cold weather, 
34 Mauch Chunk 8 families, say 35 people. In dig- No N 
ging up the services which started 
trouble found only 22” to 24” top at 
point. in gutter. i cause, 
Z service freezing and extending into 
main. 
35 Monessen 
i, 36 Reading | Dead end | No 
39° Westmoreland Water Co. No 
40 Williamsport No No 
: MARYLAND | | 
43 Baltimore | 
| 
Onto 
a 44 Cleveland | Not aseertainable for 1885. For pe | and March, 1904, found that ice Xo 
; | 1904, dead end pipe. Connections | had formed inside the domes of two 30” 
: | were one, 3”; one, 1”}one, §”. Proba-| and two 24” horizontal valves and one 16” 
ee | bly no flow at end of pipe for few/| vertical. These were all valves on connec- 
| hours at night. Approximate num-/| tions between mains and had been off. Ice 
| ber of persons supplied on line, 120.| was sufficient to prevent opening until 
| Consumption per capita, 100 gallons. | thawed out with steam. 30” and 24” 
19 valves in brick vaults. 16” had iron valve 
4 box. No trouble with valves that are on. 
7 
: 49 Hamilton 
l= 56 Springfield | Dead end No ‘ No 
57. Warren | No 
: INDIANA ‘ 
58 East Chicago | Possibly 2 500 gallons in 24 hours No Have seen ice projecting above top of stand] 
| . thawed from the sides of the standpipe. 
TLLINOIS 
59 Belleville Dead end. Two consumers 
"e 60 Elgin Several feet per minute Two cases of small ones on dead ends. | We lost our standpipe several years ago | 
> getting keyed and remaining in this position ut 
it gave way and fell in a mass, causing rupture 
4 61 Mattoon Yes, in ents where pipes came in 
a contact with wall of basement above line of 
outside frost. 
62 Peoria Little or no velocity 
Little or no velocity. Dead end ( 
Little or no velocity. 
Towa 


7i Mason City 


The temperature of our ground water is abo 


72 Muscatine € 
reservoir in the coldest weather. 


WIscoNnsIN | 


64 Ashland 
CANADA 
79 Brantford, Ont. No flow, or it would not have No 
frozen 
4 80. Kingston, Ont. Forty dwellings. Consumption,| One 16” valve upright in plank box froze| Ice forms in standpipe 2’ thick on sides : 
100 gallons per capita stuffing box only. trouble, as it is always moving up or down. 
Temperature of water, 40°. 
81 London, Ont. Dead end, No flow 
é 82 Pembroke, Ont. No. Allin masonry vaults placed upright} Standpipe is open and freezes every year; ab 
s : moving up and down with rise and fall of wate 
e 83 St. Catherines, Ont. Very light One 20” upright last winter 18” deep in 
a rock bursting upper body. _Now has cover 
¥ 6” deep, making double air space, which 
will prevent freezing. 
84 Winnepeg, Man. | Dead end. No flow 
: 86 Edmonton, Alberta Practically no ¥elocity No ‘We have here a standpipe, 600 000 gallon 
rt and, therefore, acting only as a cushion 
heated every day during winter by a coal stov 
Tost. 


i 


about 4” thick formed on side of tank. which, when 
until accumulated mass was about 6’ in thickness, 


tions, page boa away about 30’ of iron ladder inside’ 
otgh the sheet, but. otherwise did not damage tank 
hg small, water in tank will drop only about 12” an 
during a severe cold spell. The ice will show above 
3 @ pretty good thickness of ice. 


No 
Service pipe formerly laid 23’ deep f: cold winters. Mains-exposed to air (bridge crossings, etc.) have frozen, but not when water was circulating. 
Water in or trocou ’ or 5’ deep; eee 0 Bin a 1’ to 2 deep. — Frost will run along a pipe for a long distance, and the pipe may be frozen, althoug 
the ground around the pipe is not frozen. 
No | 


junderneath the sidewalks of the bridges with only 4” or 5” of covering, all that cou 


No main regularly laid at a depth of 44’ to top of pipe has ever been found frozen, and only 3 or 4 cases in ali have been found since the establishment 
of the water Vorte 04 years oan H + the lenachonchars been frequently frozen where for necessary reasons the branches have been laid to less than 
the normal cover; and even some of the branches at our regular depth have frozen, and would freeze frequently, were the hydrants not regularly inspected 
and flushed in cold weather. Water mains (8”) crossing the Genesee. River on pigbway stone arch bridges have frozen and burst. These mains were laid 

id be obtained. At the time they were repaired they were boxed up and 
circulation is maintained by opening a tap in the main at one end of 


ith chi al, but iditional precaution, each winter, a 
have occurred of frozen mains at dead ends where there 


the bridge'and allowing the water to run freely and constantly to waste. Some few other cases 
was no circulation and pipe laid at an insufficient depth. 


ears the grades of streets were cut down in many parts of our territory and mains not lowered in proportion, consequently the next severe 
cia ce = good many mains freeze and burst. Most Of these were less than 2’ to bottom of trench and were small (4” and 6”). We had an 8” 
main within 10” of the surface that did not freeze (distribution main). We used the electric current for thawing out some mains quite successfully at 
that time. Aside from this winter, after which we lowered mains wherever they had frozen, we have had practically n» experience with mains freezing. 


e-shaped roof made with steel angle iron py 
sheet to a common center and fastened to a hea 
ith sheet steel. In 1903 pack ice formed in stand- 
wn at night, when pumps were shut down, and in 
ogether. As the pressure forced it-up, huge masses! 
oot up out of the mass with great force until the’ 
> hard against the roof structure and braces that it 
rivets on the fourth sheet from the top and buckl 
of on in this climate without 
g inside. Neither should a ladder or projection o 


is in slate rock, and although laid very shallow we have no trouble from frost in this section. On May 10, 1904, we found a 


ee ea in clay and loam 5’ deep frozen and solid full of ice. Do not know how long it had been froze. 


4” service in a shady 


Flow in our supply mains constant whether consumption is large or small. For this reason our supply mains in some places are only covered by a foot 


of ground, and as yet have never had any supply main freeze up. 


Only four cases of service freezing during the past 8 years. We thaw by electricity and act promptly. 


Had 150’ of 4” dist: exposed from 1900 to 1905 without freezing. The circulation was 


ribution pipe wholl . Had a 6 and 8’ distribution pi 
frozen. Both wholly guneeed.” Moth dead ends owing to closing of valves. Temperature 10° for 4 days, $55 64. 5 


None except on bridges or ex poinis. We have places where street grade has been cut, and where our mains have not been lowered, where cover- 
ing does not exceed from 1’ to 2’. If street be paved with fire brick or other suitable material, our experience indicates such is worth a foot of covering. 


We lay our mains in a 5’ trench in streets, not for fear of their freezing, but to compel services to keep down in streets. 


It occurs only in extremely cold winters and then only on service pipes where the portion 


ing in water mains is not a problem in this climate. t ; 
Freezing of mains is very rare and then only small mains in light, loose soil. 


Freez 
laid by the property owners (from curb cock to house) is laid too shallow. 


|lowered unless they should be found to be less than 2’ deep to top of pipe or so shallow as to endanger the valve dome. 


hav 


On the flats; where ground water is encountered, mains and services are not lowered, provided they are covered with water. Supply mains are not 
, Distribution pipes are laid at a 
depth of 6’ to top of pipe in order that the service connections and pipes from mains in the street line can be placed at a depth of 6’; otherwise a lesser 
depth would suffice, provided there is circulation in the pipe system. At a great number of street intersections of pipe, laid prior to 1885, the os is only 
from 4’ to 5’ deep, and in some cases less than 4’ deep. No trouble has ever been experienced on account of these shallow intersections, thoug no doubt 
the frost in some cases extended to below the bottom of the pipe. Some mains in outlying districts, acquired by annexation, are only 3} to 4’ deep 
to top of pipe, in clay ground, and ‘the services are equally as shallow. These mains and services passed through the severe winter of 1903-04 without 
being frozen, as far as we know. In the outlying districts of the city, especially in the northeastern part, where the ground is not classed as fine sand or 
sand mixed with vel, water was encountered 15 or 20 years ago when the mains in these streets were laid. This water was from 3’ to 44’ below the 
surface and generally in a vein of quicksand, which would cause considerable caving if attempt was made tc below it. In such cases the mains were 
erall i = only 33’ to 5’ cover, or just below the water level. This territory afterward entirely drained, and in such streets the mains and services . 
e to owered. 


We have had (for 10 years) a 10” main crossing one of our river bridges which was exposed and never froze. This pipe has been replaced during sum- 
mer of 1908 with a 16” pipe for greater capacity. Length of bridge, 550’. 


No 


No 


standpipe 12’ to 16’ after a warm spell and it had 


I have wa 


tched the system closely, and when the circulation is poor and the cold weather continued, I would open a hydrant and let it run rather than 
take the ch of freezing 


My experience has led me to believe that mains, as a rule, are laid deeper than they need be. When compelled to lower to grade, we go nbout 30’. More 
care should be taken in seeing that services are laid to the proper depth. Plumbers cannot be trusted. 


ago by loose pieces of ice forming on arch and 
tion until the water lowered, say, 25’ to 30’, when, 
upture to standpipe. 


Relating to freezing, we find the only means of preventing same is to lay all services and other pipe below frost line. 
we used electricity and thawed out pipe and avoided cracking and injury to pipes. 


During the freezing referred to 


The trouble we had in February, 1905, was on dead ends, mostly where there was no circulation and little water used, and in most cases mains were 
not down the required depth, but the trouble was remedied by connecting these mains to make circulation. The ground was entirely bare, no snow or 
ice. We had to renew 750’ of pipe. We had no hydrants or gate valves frozen. 


is about 50°. We have not had any ice on our 


Our greatest trouble is in the spring of the year when the frost is leaving the upper section or top of the ground and all shallow service pipe becomes 


iperature of 34° F. from the time the lake freezes early in 


frozen. . The frost, seems to go down on the bottom when it is leaving on top, but this only lasts, say, about two weeks at the most. We have had no 
trouble in our mains on this account. 
While it is our rule to lay all pipes with a depth of cover of 6’, we now have many mains that have a cover of about 5’, and in places on one'line of 16” main 


the cover is as small as 3’, due to the grading down of the street surface since the mains were laid. But in my 15 years’ connection with the plant there 
has never been a single instance of a supply or distribution main freezing, although I have seen cases where the 16” main had the surrounding soil frozen 
entirely around it. inaill instances of frozen service connections it has been due to a grading down of the street subsequent to the laying of the service 
pipe and when the snow has blown off the ground or was packed hard from continuous travel. Our water as it comes to the pumps has a uniform tem- 
i cember until the ice leaves ijt about April 20. 


2’ off face of street, leaving only 3’ to 3}’ covering. Another froze up tight, being a dead end. 


me 11 years ago we had:a branch to a fire hydrant frozen from practically same cause. The street was bare, no snow, ground wet, and they stripped 


lsome have been careful to put the pipes deep enough to protect them from frost, and this would not have happened only for change in graue of street, 


ides and 1’ thick on surface, but has ‘given no 
lown. Pipe enters at bottom, where it is safe. 


and services where they will be safe under all conditions. 
then put on fine broken stone. The cases of freezing recorded were 20 years 


taking water at 32’ deep and 


I find that frost very often seems to go farther down after a low temperature in February and March, and very often services would freeze at that time, 
ut the real reason may be that consumers let the water run all night in cold weather and not during mild weather. It is certainly better to lay all mains 
In rock trenches we cart away all rough stone and fill trench with clay to within 1’ of the top, 

, and all mains which froze were relaid and have given no trouble since. 
4 mains frozen at 4’ tating water at 10’ deep and 34° F. The intake is now } mile from shore. 


e a gd intake then being near the shore and 


Street had been graded down. 


ar; about 1’ of ice forms around the side 20’ long, 
f water. 


jrammed in back-! 


During the severe winter of 1904-05, while digging out some burst service pipes (frozen) in a soil where stony gravel predominated, we found frost in 
the dry gravel 7’ 6” below surface, but owing to strong circulation in mains at those points _no mains frozen or hydrant branches, frequent test~ 
ing of latter durin, ong, period being made. The case of freezing referred to occurred on system just completed that fall, trenches being wetted and 

ing, followed by continued severe weather. 


gallons capacity, not sufficient for reservoir pur- 
ushion valve to our pumps, This tank is kept! 
ul stove and no trouble has been experienced by! 


large mill situated on the flats below the city. 
should be a certain amount of veloci 
between the top of the hill and mill 
We tried to thaw out pipe by an electric thawing machine, but were unsuccessful. We then opened the ground and 


With reference to the case of water main freezing, as mentioned, | may say that this was a 4” supply main running from the city level over a hill to a 
As this main has a circuit formed by the connection being made around a triangular block of land, there 
in the pipe, but as the mill was then drawing no water, the water was practically lying still in the pipe. On theline 
ere are two or three 3” services. At point of freezing for about 1 000) the pipe is only covered with 5’ of earth. 
y cutting the pipe thawed it out from 


steam boiler. 
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December 30, 1908. 
( CIRCULAR.) 
NEW ENGLAND WATER WORKS ASSOCIATION. 


Statistics Relating to Depth of Laying Water Pipe. 


Kindly fill in and return this data to FRANK A. BARBOUR, Chairman Committee 
on Depth of Laying Water Pipe, 1120 Tremont Building, Boston, Mass. 


Water Works, City or Town.......... State.......... 


Municipal or Company Works. \ 
{ Give name if latter. 


GENERAL Data. 


1. Temperatures. 
Mean yearly temperature, degrees F. 
Mean temperature, coldest month. 
Extreme minimum temperature and date of occurrence. 
Minimum temperature at source of supply and date of observation. 
2. Location of City. 
Distance from ocean. 
Elevation above sea level. 
3. Source of Supply. (Surface or ground water.) 
4, Method of Distribution. (Gravity or pumping.) 
5. Elevated Storage with Pumping System. (Whether reservoir or standpipe.) 
Size and depth of reservoir or standpipe. 
Reservoir or standpipe open or covered. 
6. Capacity of Reservoir or Standpipe in Relation to Daily Consumption. 
7. Hours of Pumping Daily in Period of Minimum Temperature. 
8. Approximate Hourly Rate of Pumping during Winter Months. 
9. Does Pumping Entirely Cease at Night during Coldest Weather? Ij Not, 
Give Minimum Hourly Pumping Rate. 
10. Size of Supply Main, either Gravity or Pumping. 
If supply is by gravity, state whether delivery is practically uniform or 
whether it is variable. 
If variable, give the minimum rate and number of hours. 
11. Character of Soil. (State whether rock, hardpan, clay, sand, gravel, or 
alluvial.) 
12. General Depth of Ground Water. 
In route of supply main. . 
In distribution system. 
13. Depth to which Frost Extends in Streets. 
Average depth. 
Maximum depth in gravel. 
Maximum depth in clay. 
Maximum depth in sand. 
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14. Depth to which Frost Extends in Fields. 
Average depth. 
Maximum depth in gravel. 
Maximum depth in clay. 
Maximum depth in sand. 
15. Average Snow Covering. 
In streets. 
In fields. 
16. Is Ground likely to be entirely Free from Snow during Days or Weeks of 
Coldest Weather? 
17. Depths at which Pipes are Laid. 
Supply Mains. (If depths are changed in soils of different character, 
specify.) 
Diameters. (Depth to axis of pipe.) 
In streets. 
In fields. 
Distribution system. 
Diameters. (Depth to axis of pipe.) 
In streets. 
In fields. 
Do you take into account the effect of different pave ments in streets? 
. Service Connections. 
Character. (Describe method of connection with main, whether tapped 
on top or side.) 
Size. 
Depth. 
. Hydrant Branches. 
Size. 
Depth. 
Average length. 
. Hydrants. (State method of providing for drainage.) 
. Number of Cases of Freezing Yearly 
In mains. 
In services. 
. Are the Depths of Pipe, in your judgment, generally Sufficient, except under 
Extreme Conditions of Temperature ? ' 
. Do these Unusual Conditions Occur with Sufficient Frequency to justify 
a General Lowering of the Pipe System ? 


PARTICULAR EXPERIENCE IN FREEZING WITH PIpEs. 


If you have had any experience in the freezing of pipes, state details as 
follows: 

Size of pipe. _ 

Whether supply main or distribution. 

Depth of axis. 
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Length of pipe at this depth. 

Character of soil. 

Whether in street or field. 

Depth of ground water at location of frozen pipe. 

Depth to which ground was frozen. 

Was the ground bare of snow? 

Date of freezing. 

Result of freezing, whether total or partial stoppage. 

If partial stoppage, state thickness of ring of ice found inside the pipe. 

Temperature of air which resulted in freezing of pipe. 

Duration of cold period. 

Did the low temperature described follow immediately a warm, thawing 
period? 

Probable velocity of flow through pipe at time of freezing. (Give rate 
and hours of pumping if a force main; number of people supplied 
and gallons per capita of consumption if a gravity main or dis- 
tribution pipe.) 

If you have any experience in the freezing of stop valves, state size and 

whether placed upright or horizontal; also whether placed in masonry vaults. 

If you have any experience in ice formation in standpipe or in vertical 

riser pipe to standpipe, state details of incident with account of temperatures, 
covering of feed pipe, and velocity of flow in pipes. 

Remarks. 


DISCUSSION. 


Mr. F. A. BarBour.* I may say that whatever of value there is 
in this report, aside from the statistical value, is largely com- 
prehended in the diagram (Fig. 1) indicating the relation between 
depths at which pipe is laid and the mean temperature of the 
coldest month in the average year in different parts of the 
country. This diagram covers a variation of mean temperature 
from zero to 45°. One city in Canada is shown with a mean tem- 
perature of coldest month of zero and pipes laid at a depth of 8 
feet. At the other extreme appear places with a mean temperature 
of, coldest month of 40° and the pipes laid at a depth of 3 feet. 
The returns from various cities and towns have been plotted and a 
line representing the average relation of depth to the mean temp- 
erature of coldest month has been drawn. 

It is interesting to note that from the information received there 
are no more cases of freezing in those places where the depth 
of the pipe is less than in those where the depth is greater 


* Boston, Mass. (Chairman of the Committee on Depth of Water Pipe.) 
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than that shown by the average line. It must, therefore, be 
concluded either that this variation in the depths at which pipes 
are laid in different localities with the same mean temperature of 
coldest month are to be explained by peculiar local conditions, or 
that in some places the depth shown is unnecessarily great. Per- 
sonally, the speaker believes that it is safe to lay pipes where there 
is an assured circulation at all times, at depths less than are fre- 
quently adopted in present practice. 

Mr. LEonarD Metcar.* Mr. President, it seems to me that the 
Association is to be congratulated upon this excellent report of 
Mr. Barbour’s committee. I think many of us recognized that any 
inquiry of this sort was bound to give negative results, for the 
most part, but it certainly gives us a good record for what current 
practice is, and I think it brings home to all of us the desirability 
of following up carefully any cases of frozen pipes that we as 
individuals may have. The freezing of pipes seems to depend, as 
would be expected, more on the velocity through the pipe than 
anything else, and it is on that very fact that we have the fewest 
data, as it is very difficult to get information of that sort. It is to 
be hoped that we may hereafter have some experience discussions 
before the Association, when members who have had recent cases 
of frozen pipes will tell us about their troubles. 

Mr. R. C. P. CoccesHatu.t I don’t know what has been the 
experience of others, but Mr. Barbour touched on one thing in the 
report that we have noticed several times, and that is that when a 
thaw comes after a long period of cold weather, when there have 
been some services frozen, other service pipes in the immediate 
vicinity will catch or stop. I have always been puzzled about it, 
and have thought there was a good deal of moonshine in the idea, 
but still the facts seem to indicate that there is something in it, 
and Mr. Barbour’s explanation is very interesting to me. I should 
like to know if others have had this same experience. 

Mr. Greorce A. Sracy.t Mr. President, we had a small main 
that we laid through rock during the late fall, and the back filling, 
perhaps, was a little rougher than it would have been if there 


* Of Metcalf & Eddy, Boston, Mass. 
+ Superintendent Water Works, New Bedford, Mass. 
}¢ Superintendent Water Works, Marlboro, Mass. 
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hadn’t been frost in the ground. It was practically at a dead end, 
as there was hardly any circulation beyond at that time, although 
there were houses building. In the spring there was a stoppage in 
the pipe, and it was on a day when the water was running in the 
streets and you could go around in your shirt sleeves with comfort. 
We located the stoppage by the hydrant connections near this 
ledge. I noticed that the water was running down in places be- 
tween the stones of the back filling which had been done in the 
fall, but in a very small stream. As it-was then in the middle of the 
afternoon we made provision to allow everything to remain as it 
was so as not to have to work all night, for there wasn’t enough 
to do to warrant that expense, and we could make other arrange- 
ments that would be a good deal cheaper. We expected to bring 
up the work gang in the morning and tackle the job, thinking that if 
the water could run down through the rock we wouldn’t have much 
trouble in getting down to the pipe. The next morning, however, 
when we went down there with the gang, everything was all right; 
_it had thawed out itself. The only reason I could give for it in this 
case was the state of the weather, the open condition of the back 
filling as it settled, and the action of the high temperature that 
day and the refrigeration, or action of that nature, causing the 
water in the pipe to freeze, as there was scarcely any circulation 
there at all. We never had any trouble at that place afterwards, 
and that was quite a few years ago. 

Mr. CHartes W. SHERMAN.* The fact stated by Mr. Barbour 
that he has had no reports of pipes larger than 10 inches in di- 
ameter which have frozen, and very few pipes larger than 6 inches 
in diameter, would seem to suggest the possibility, at least, that 
pipes of the larger sizes might to a greater extent than is now the 
practice be advantageously laid at a lesser depth than the smaller 
pipes. 

Mr. Jonun H. Friynn.{ I have had a 36-inch pipe freeze and 
burst, and still not be frozen solid. It was laid on a trestle over a 
river, 600 feet or more of pipe, and 12 lengths split the whole length, 

and they were not frozen solid. I don’t know whether anybody 
else ever had any such experience. 


* Principal Assistant Engineer, Metcalf & Eddy, Boston. 
t+ Boston, Mass. 
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PROCEEDINGS. 


NOVEMBER MEETING. 


BRUNSWICK, 
Boston, November 10, 1909. 


The November meeting of the Association was held at the 
Hotel Brunswick, Boston, on Wednesday, November 10, 1909. . 

President Robert J. Thomas presided. 

The following members and guests were present: 


MEMBERS. 


M. N. Baker, C. H. Baldwin, A. F. Ballou, L. M. Bancroft, T. H. Barnes, H. 
K. Barrows, J. F. Bigelow, A. E. Blackmer, E. C. Brooks, A. W. F. Brown, 
James Burnie, George Cassell, J. C. Chase, J. H. Child, C. E. Childs, H. W. 
Clark, W. F. Codd, R. C. P. Coggeshall, M. F. Collins, J. H. Cook, J. W. 
Crawford, G. E. Crowell, G. E. Cutting, Jr., A. O. Doane, G. H. Finneran, 
J. H. Flynn, A. N. French, F. J. Gifford, C. W. Gilbert, T. C. Gleason, A. 8. 
Glover, F. H. Gunther, R. K. Hale, F. E. Hall, F. C. Hersey, Jr., J. L. 
Howard, W. S. Johnson, E. W. Kent, Willard Kent, G. A. Kimball, G. A. 
King, J. J. Kirkpatrick, N. A. McMillen, D. E. Makepeace, A. E. Martin, John, 
Martin, John Mayo, Leonard Metcalf, William Naylor, T. W. Norcross, F. L. 
Northrop, E. M. Peck, T. A. Peirce, W. H. Richards, Charles Saville, A. L. 
Sawyer, W. H. Sears, E. M. Shedd, C. W. Sherman, H. O. Smith, G. H. Snell, 
G. A. Stacy, T. V. Sullivan, W. F. Sullivan, R. E. Tarbett, R. J. Thomas, W. H. 
Thomas, L. D. Thorpe, D. N. Tower, W. H. Vaughn, J. C. Whitney, G. E. 
Winslow. — 72. 


ASSOCIATES. 


Anderson Coupling Company, by C. E. Pratt; Ashton Valve Company, 
by C. W. Houghton; Harold L. Bond Company, by Harold L. Bond; Build- 
ers Iron Foundry, by A. B. Coulters and F. N. Connett; Chapman Valve 
Mfg. Co., by Edward F. Hughes; Darling Pump and Manufacturing Com- 
pany, by Herman H. Davis; F. H. Hayes Machinery Company, by F. H. 
Hayes; Hersey Manufacturing Company, by H. D. Winton, A. 8. Glover, and 
W. A. Hersey; International Steam Pump Co., by Samuel Harrison; Ludlow 
Valve Manufacturing Company, by H. F. Gould; Charles Millar & Son 
Company, by Charles F. Glavin; H. Mueller, Manufacturing Company, by 
George A. Caldwell; National Meter Company, by H. L. Weston, J. G. Lufkin 
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and C. H. Baldwin; Neptune Meter Company, by H. H. Kinsey; Norwood 
Engineering Company, by HP. W. Hosford; Pittsburg Meter Company, by 
F. L. Northrop; Rensselaer Manufacturing Company, by Fred S. Bates and 
C. L. Brown; Ross Valve Manufacturing Company, by William Ross; A. P. 
Smith, Manufacturing Company, by F. N. Whitcomb; Thomson Meter Com- 
pany, by E..M. Shedd; United States Cast Iron Pipe and Foundry Company, 
by Frank E. Nevins; Waldo Brothers, by H. E. Browne; R. D. Wood & Co., 
by W. F. Woodburn. — 29. 
GUESTS. 


Messrs. Frank S. Baily, W. E. Hannan, Fred 8. Gore, and Joseph Weeks, 
Boston, Mass.; James J. Kirby, Fall River, Mass.; James T. Davidson, 
Lawrence, Mass.; Walter Beals, Middleboro, Mass.; William F. Williams, 
New Bedford, Mass.; Perey Warren, Weston, Mass.: John C. Hoyt, Wash- 
ington, D. C. — 10. 


A communication was received from the Boston Society of 
Civil Engineers inviting members of the Association to attend a 
lecture in the evening by T. Howard Barnes, engineer of the 
United Fruit Company, on “ Engineering Works, People, and 
Conditions in Central America.” ° 

The following names of applicants for active membership were 
read by the secretary: Herbert H. Barnes, Hotel Brunswick, 
Boston, Mass., president of the Hartford, Vt., Water Company; 
Perey Warren, Weston, Mass., superintendent of Weston Water 
Company; Guy C. Emerson, Boston, Mass., superintendent of 
streets, Boston; D. G. Thomas, Denver, Colo., chief engineer of 
the Denver Union Water Company; Walter L. Beals, Middleboro, 
Mass., clerk Middleboro Water Works; Lyman P. Thomas, Middle- 
boro, Mass., civil engineer. 

On motion of Mr. Collins, the Secretary was directed to cast 


the ballot of the Association in favor of the candidates named, 


and he having done so, they were declared elected. 
The President read the following letter: 


Water Works. 
OFFICE OF WATER COMMISSIONERS. 
Mass., October 29, 1909. 
To THE Epiror 
New Encianp Water Works ASSOCIATION, 
14 Beacon Street, Boston: 

Dear Sir, — As a matter of special information to the writer, and of general 
interest to many readers of your magazine, I would like to suggest the collection 
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and publication of information as to the conditions under which extensions of 
water mains are made by town-owned water supplies. 

In going through the files of the JourNat I find only meager references to this 
matter, and my idea would be to cover the following points, and such others as 
you may think pertinent: 

1. Are extensions made by vote of town or controlled by water commissioners? 

2. Is a guaranteed revenue required before putting in extensions, and if so, 
what per cent. on cost, and what items, are included in said cost? 

3. If a guarantee is required and is provided for by town by-law, quote latter. 

4. Quote the form of guarantee. 

If the suggestion seems practicable, the sooner it is taken up, the greater value 
the information obtained would be, as matters in this relation come up at many 
of the spring annual meetings. 

Yours truly, 
(Signed) JoserH F. Taxzor, 
Chairman Water Commissioners. 


Tue Presipent. The Executive Committee has voted to 
recommend the appointment of a special committee of five to 
take up the matter referred to in Mr. Talbot’s letter and report 
on it later. 

On motion of Mr. Sullivan, of Nashua, it was voted to accept and 
adopt the recommendation of the Executive Committee. 


The President subsequently appointed the following commit- 
tee: Messrs. Charles W. Sherman, Edwin C. Brooks, A. W. F. 
Brown, George H. Robertson, and Norman MeMillen. 

THe Presipent. The Executive Committee passed a vote 
to-day instructing the Secretary to send out postal cards to all 
the members, requesting them to forward suggestions as to the 
place for holding the next annual meeting in September, 1910. 
The committee believe that we ought to take action upon this 
matter earlier than we have sometimes in the past, and would 
like the advice of the members. We hope that replies will be 
sent in so that the result can be reported at the next meeting, 
December 8. 

Mr. Witi1am H. THomas.* Mr. President, unless the com- 
mittee suggests some names, I think you will get quite a wild 
sort of a return. I suggest that a list of places be offered to the 
members to select from. I might say, for instance, that I would 
like to go to New Haven, but perhaps there would be no accom- 


* Superintendent Water Co., Hingham, Mass. 
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modations there for us. The committee knows where the accom- 
modations are, and many of us do not. It seems to me, therefore, 
that if a certain number of places were suggested by the com- 
mittee it would, perhaps, bring the matter to a head better. 

THE PresipeNT. That was mentioned at the meeting, but it 
was urged that the suggestions the members might make would 
be simply advisory; there would be nothing final about it. We 
thought we would get the sentiment of the members and after- 
wards, of course, we would use our own judgment in the matter. 
[Laughter.] We want to give you all an opportunity to be heard, 
anyway. Is there anything else to be called to our attention 
before we proceed with the regular program of the afternoon? 

Mr. Epwin C. Brooxs.* Mr. President, a little “experience” 
might be of interest to some of you good people who are running 
a Smith tapping machine. It isn’t very often that a sleeve fur- 
nished with a Smith tapping machine is defective, but such a 
thing does occur once in a while, as I recently found out. 

In making a cut on a 20-inch main that was rather old, and 
the gates not too tight, after the hole was drilled through, but 
before the cutter began to work, the pressure of water showed a 
defect in the sleeve that would not permit of using it; conse- 
quently, the next thing to do was to remove the sleeve. An inch 
hole in the side of a 20-inch pipe is not a pleasant thing to en- 
counter in a ditch, and in order to get around the trouble we 
pulled the tools back, shut down the gate, and then removed the 
cutter-bar, taking off the cutter-head and the drill. Into the 
socket where the drill fits we put a pine plug, whittled to about 
the size of the drill or a little larger, and, putting the machine 
together, we screwed the pine plug into the hole. The thing was 
perfectly tight, so that we could take off the sleeve and substitute 
another portion without the interference with the water that we 
should have had if we had attempted to make the repair in any 
other way. I thought perhaps some of you might get into a similar 
difficulty some time, and if you happened to hear of this it might 
save you a little bother. 

The President then called on Mr. William S. Johnson, sanitary 
and hydraulic engineer, Boston, Mass., who read a paper on 


* Superintendent of Water Works, Cambridge, Mass. 
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“Ground Waters as Sources of Public Water Supplies.” The paper 
was discussed by Mr. Lewis D. Thorpe, Mr. A. O. Doane, Mr. 
George E. Winslow, Mr. John H. Flynn, Mr. Harold K. Barrows, 
Mr. William S. Sullivan, Mr. Robert S. Weston, Mr. Harry W. 
Clark, Mr. M. N. Baker, Mr. M. F. Collins, and Mr. George A. Stacy. 

The President announced that, owing to the illness of Mr. 
Frank A. Barbour, chairman of the “ committee to gather statistics 
relative to the depth at which water pipes are laid, and the result- 
ing experience with frozen pipes,” the presentation of this report 
would be deferred until the next méeting. 

Mr. Harvey S. Chase’s paper on ‘‘ Water Works Accounting ”’ 
was also postponed. j 

The report of the committee “to prepare a standard specifi- 
cation for fire hydrants ”’ was called for. 

Mr. Wiiuiam F. Sutirvan. I know that Mr. Lacount, the 
chairman of this committee, is not ready to present the report 
to-day. There have been several meetings of the committee in 
which we have gone over the matter, but Mr. Lacount is doing 
the bulk of the work, and is compiling specifications which we 
hope will meet the approval of the Association. He has invited 
the manufacturers, as well as water-works men, to participate, 
and before the next meeting he expects to have the specifications 
in their third draft in shape so that advance copies can be sent to 
all the members. Mr. Lacount’s intention is that there shall be a 
full and free discussion of this hydrant question before the Associa- 
tion, so that we may get all the suggestions and the amendments 
necessary, so that the final specifications may be put in a form 
which will meet the demands and the approval of the members. 

We had a meeting to-day, and Mr. Lacount recommended a 
conference with the National Protective Fire Association, who 
are working along similar lines, and I know that at the next meet- 
ing Mr. Lacount will probably be here with all the information and 
data which he has been preparing for many months, and be ready 
to present it. 

THE PRESIDENT. Has Mr. Stacy anything to say on the report 
or about the committee? 

Mr. Georce A. Stacy. There is nothing to say, Mr. President, 
except that I hope the Association will have patience with us. 
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We shall be on the firing line at the next meeting, I expect, and 
we shall be pleased to have you find all the fault you can with 
what we have done, and we will welcome any suggestions you 
may make. The committee, as a whole, has met only twice to do 
much work; once, a week or so ago, and again to-day; but we have 
made considerable progress in getting together what I hope will 
result in specifications which will be satisfactory, as near as it is 
possible to make such things satisfactory, to all concerned, in- 
cluding the superintendents, those who are responsible for the 
action of the hydrants, and the builders. 

Of course, this is ‘a pretty large problem. We do not suppose 
we are going to satisfy everybody, but we do hope we are going 
to make a satisfactory start, so that we will have some standard 
to work on. At present, when we are ordering hydrants, we 
really don’t know what we are going to get. There is nothing in - 
the way of any exact specifications; nothing but a general state- 
ment of a hydrant. When you go into the market to buy one, 
you don’t know whether you are going to get a 4-inch gate or a 
3-inch gate or a 5-inch gate; a 4-inch base or a 54-inch base; 
whether there is going to be a bronze screw or not, or whether 
machine work is going to be done in the foundry, or whether it is 
going to be done in a machine shop where it should be done. 

It seems to me that the manufacturers are not making these 
hydrants according to their own ideas; they make just what we 
demand. If we demand good hydrants and put our demands in 
such a shape that all manufacturers have to bid on the same 
basis, we shall get good hydrants. If we allow the manufacturers 
to build hydrants in the foundry instead of the machine shop, we 
will get foundry hydrants; and if any of you like that kind, why, 
all right; but I would rather pay a little more and have the work 
done in the machine shop, and get less sand in the joints and 
stuffing boxes than some of the hydrants:have to-day. I don’t 
mean to cast any slur upon the hydrant makers; it is our own 
fault that we don’t demand better things. When we do make 
such demand, they will do anything we are ready to pay for, and 
we ought to be willing to pay for anything that is good, because 
we can’t get it in any other way. 

On motion of Mr. M. F. Collins, adjourned. 
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‘EXECUTIVE COMMITTEE. 


Meeting of the Executive Committee of the New England Water 
Works Association at headquarters, Tremont Temple, Wednesday, 
November 10, 1909. 

Present: President Robert J. Thomas and members Richard K. 
Hale, George A. King, Ermon M. Peck, Charles W. Sherman, 
Lewis M. Bancroft, George A. Stacy, and Willard Kent. 

Six applications were received and the following applicants were 
recommended for membership, viz.: 


Lyman P. Thomas, superintendent water works, Middleboro, | 


Mass.; Walter L. Beals, clerk Middleboro Water Works, Middle- 
boro, Mass.; Guy C. Emerson, superintendent of streets, Boston, 
Mass.;- Percy Warren, superintendent Water Company, Weston, 
Mass.; Herbert H. Barnes, president Hartford, Vt., Water Com- 
pany, Boston, Mass. 

Voted: That the Executive Committee recommend to the Associ- 
ation that a committee be appointed for the collection and publi- 
cation of information as to the condition under which extensions 
of water mains are made by town-owned water supplies. 

Voted: That the Secretary be authorized to send to the members 
of the Association postal cards requesting suggestions as to place 
of holding the next annual convention, and asking that replies be 
returned before December 1, next. 


Adjourned. 
Kent, Secretary. 
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JosppH E. Brats died at his home in Middleboro on September 
3, 1909. Mr. Beals was born in Middleboro March 18, 1834.. He 
was the only son of Ebner and Lucy Beals. In 1862 he entered 
the employ of Albert Alden, proprietor of the Bay State Works, 
where he remained for thirty years, when ill health forced him 
to retire. After this, Mr. Beals devoted himself to work of a pub- 
lic nature. He has been secretary and treasurer of the Board of 
Trustees of the Public Library, and a member of the Water Board 
since the construction of the works, acting also as chief clerk and 
superintendent. In 1906 he was elected a representative to the 
legislature. Mr. Beal’s first wife was Mary E. Leonard, of Bridge- 
water. In 1876 he married Harriet C. Bardin. Mr. Beals was a 
vice-president of the New England Water Works Association in 
1904 and was senior editor of the JourNaL from 1897 to 1900. 

Mr. Beals was elected a member of the Association on June 16, 
1886. 


Apotpaus A. Knupson died suddenly at Meadville, Penn., on 
August 13, 1909. Mr. Knudson was born in Southport, Conn., 
December 15, 1845, of Norwegian parents. He is survived by a 
widow. Mr. Knudson had been connected with the Western 
Union Telegraph Company and with stock-ticker companies in 
New York. For many years he has been devoting himself to the 
study of electrolysis by stray railway currents, being one of the 
pioneer investigators in that field. At the time of his death he 
was engaged in making an expert investigation of the water mains 
at Meadville. Mr. Knudson was a member of the American 
Institute of Electrical Engineers. 

Mr. Knudson was elected a member of the New England Water 
Works Association, September 11, 1902. 
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GrorGE H. BisHop died at Watch Hill on August 19. Mr. 
Bishop was born in Middletown, Conn., June 7, 1831. He was 
the son of Giles Bishop. Mr. Bishop entered the engineering 
profession at an early age, becoming associated with George 
Norman, a well-known hydraulic engineer. Since that time 
Mr. Bishop has designed many water systems and frequently 
acted as expert in the construction of water works, and has been 
called many times as an expert witness to give testimony con- 
cerning water rights and construction. About 1870 Mr. Bishop 
married Miss Purple, of Illinois. While never holding public 
office, Mr. Bishop took a prominent part in the affairs of the 
Knights of Pythias as well as other fraternal orders. 

Mr. Bishop was elected a member of the New England Water 
Works Association on June 16, 1886. 
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IrRIGATION ENGINEERING. By Herbert M. Wilson, C. E. Sixth edition, 
revised and enlarged. 8vo. xxix+625 pages, 38 full page plates, and 195 fig- 
ures. New York: John Wiley & Sons. 1909. Cloth, $4.00. 

The first edition of this book was published in 1893. The present edition, 
the sixth, has been entirely rewritten, as the author states in the preface, to 
bring to date the great progress made in construction work and to show the 
important changes in design brought about by the general adoption of rein- 
forced concrete for the structures needed in irrigation projects. 

The work is, in the main, a presentation of the current Western practice in 
irrigation, although it contains descriptions of many foreign works. It is, 
therefore, of value to the practicing engineer as giving numerous illustrations 
of existing works. Its principal value to Eastern engineers and water-works 
men is its description of the methods used in constructing the earth dams, 
with the piping and gate chambers, and typical specifications and the tables 
of the unit costs prevailing on the government work. The discussion of 
pumping maehinery with the relative costs of the different types of plants is 
also interesting, though there are not enough figures as to the cost of coal and 
other materials and the rate of wages to make these figures comparable with 
those derived from Eastern practice. 

The government has such elaborate methods of cost keeping in the Reclama- 
tion Service that it seems a pity that more unit costs could not be given. 

The book is also of considerable value as a text-book for students’ use, and 
particularly valuable in connection with a course in hydraulics. In such a case 
the chapters on the flow of water in pipes and channels, and the theory of the 
design of dams, could be omitted, leaving the interesting reading matter on the 
practical application of hydraulic problems in innumerable cases. 

The book is divided into three parts: Hydrography; Canals and Canal 
Works; and Storage Reservoirs. 

Under the first part, the author discusses: 

Rainfall, run-off, stream flow, evaporation, absorption, seepage, the meas- 
urement of water flow in open channels, the quantity of water required, and 
the use of sewage for irrigation purposes. 

In this discussion, which comprises about one fifth of the book, the author 
presents tables of statistics, diagrams and illustrations, and numerous lists 
of references for the subjects treated. 

Under “ Canals and Canal Works,” the author presents definitions of the 
different types of canals; methods of aligning the slopes and cross-sections 
employed; headworks, diversion weirs, sluiceways, regulators, falls, distribu- 
taries; and discusses the flow of water in pipes and the methods of “peizing 
the water to the fields. 
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In the discussion, which comprises about one half of the book, the author 
goes into considerable detail, giving numerous illustrations of actual structures 
as well as many references. 

Under ‘“‘ Storage Reservoirs,” the author discusses their location and 
capacity, the construction of dams; wasteways and sluices; and pumping 
tools and maintenance, concluding with a short description of the United 
States Reclamation Service. 

This part takes up about one quarter of the book and is probably the most 
interesting to Eastern engineers as it presents a study of reservoirs and dams, 
with a description of some of the big dams in the country and the cost of the 
storage provided. The discussion of the various methods of pumping, with the 
efficiency and approximate cost of each method is also exceedingly interesting. 


SANITATION, WATER SupPLY AND SewaGE Disposat oF Country Houses. 
By William Paul Gerhard, C.E. 12mo. xx+346 pages, 113 full page plates 
and figures. New York: The D. Van Nostrand Company. 1909. Cloth, $2.00. 

The author states in the preface that it has been his aim throughout the 
work to inform the reader ‘‘ What to do ” rather than “‘ How to do it,” and 
that he has omitted many details regarding the execution of sanitary methods, 
avoiding in this way the encouragement of “‘ amateur sanitary engineering.” 

There is little doubt that this lack of detail results in great loss in the value 
of the book, particularly to the engineer and architect. With the exception of 
this lack of detail, the book gives a very good summary of the various subjects 
treated and suggests many ideas for the design of small plants. The book is 
well arranged and the illustrations are, for the most part, well chosen. There 
is, however, no index. 

This beok, as suggested by the title, is divided into three parts, Sanitation, 
Water Supply, and Sewage Disposal of county houses, institutions, and hotels 
located out of reach of the water and sewerage systems of the community. 

In the first part of the book, Sanitation, the author discusses the desirability 
of sanitary surroundings, and shows the necessity of good location, ventila- 
tion, surface drainage, and the proper methods of lighting and heating. This 
part concerns the householder and builder much more than it does the archi- 
tect or engineer. 

In the second part, Water Supply, the author describes the different sources 
of supply and methods of pumping, distribution, and storage, followed by a 
description of actual plants. It seems strange that water filters are not given 
more consideration in this connection. It is frequently possibie with very 
simple filters or aérating devices to purify water that could not otherwise be 
used with comfort. It seems to be the opinion of the best hydraulic engineers 
that purity of surface waters, however careful the inspection of the watershed 
may be, cannot be depended upon, and that the time is not far distant when 
state laws will compel the filtration of all public surface water supplies. It 
would seem, therefore, particularly in the case of institutions or sanatoria, that 
a consideration of this problem would be of the utmost importance. 
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In the third part, Sewage Disposal, the author discusses cespools, subsurface 
irrigation, septic tanks, contact beds, and filters. There is a good description 
of the different processes from an elementary point of view, followed by some 
plans of the various types of purification plants as actually put in. 

As mentioned before, the greatest fault in the book from the point of view 
of engineers is the omission of the definite information so necessary for the 
design of such plants, as well as the relative economy of the various types. 
The cost of these small installations for country estates is generally in excess 
of those for towns in proportion to the size, and is rather difficult to estimate, so 
that if the author had given the cost of the various works he described he 
would have added greatly to the value of the book. Nevertheless, the book 
presents many valuable ideas in the design of such plants and should be — 
extremely useful to architects and engineers who install them. y 
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ADVERTISEMENTS. 


Water Meters 


FOR ALL WATER WORKS SERVICE 


All Sizes, 5-8 to 6O inches _ | 


CROWN 
EMPIRE 
NASH 
GEM 
PREMIER 


With the only reliable straight- 
reading register in the market 


National Meter Company 


84-86 CHAMBERS STREET 
NEW YORK CITY 


BOSTON CHICAGO 3 PITTSBURG LOS ANGELES 
159 Franklin St. 318 Dearborn St. 4 Smithfield St. 411So0. Main St, 
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GAS ENGINE and 
TRIPLEX PUMP 


FOR 
- Town and Village Water 

Works ¥ and Pump 
ing Service Generally 


CAN BE ADAPTED FOR 
EITHER GAS OR GASOLENE 


National Meter Company 
84-86 CHAMBERS STREET, NEW YORK 


CHICAGO: 318 Dearborn Street PITTSBURG: 4 Smithfield Street 
BOSTON: 159 Franklin Street ; LONDON: Saracen Chambers 
LOS ANGELES: 411 South Main Street 
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ADVERTISEMENTS. 


ACGCURAGY, LONG LIFE, 
of Repairs 


Are the Requisites of the Perfect Water Meter and 
are the Principal Features of the 


“LAMBERT.” 


Our unbreakable disk-piston, reinforced with an internal steel 
plate, can be found only in the LAMBERT METER. 

The growing popularity of the water-meter system is attributed 
by many to the inherent excellence of the ** LAMBERT” meter. 
Where ** LAMBERT ” meters are selected, success is assured. 


THOMSON METER CO. 
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Trident 
Water Meter 


The Meter with a thrust roller, to prevent broken disks. All bronze meter, 
with removable bearings. The only meter that can be adjusted for differ- 
ent pressures. Brass bolts. Brass nut ring. Simple design. Our claim: 
The meters that carn the most revenue with the least cost for upkeep. 


Neptune Meter Company 
Main Office, 90 West Street, New York 


Offices Maw. San Francisco, Cal. Pondand Ore Long Cay, Le 
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Eureka Meter for Large, Rapidly Flowing Volumes of Water 


We are going to be and 
are rapidly becoming 


The Largest Water 
Meter [lanufacturers 
in the World 


Watch us grow and lend 
your assistance by buying 


Keystone and Eureka 
Water [leters 


Ask for Water Meter Catalogue B-1 


Keystone Meter for Industrial and Domestic Use 


Pittsburg Meter Company 


General Office and Works: East Pittsburg, Pa. 
New York Office, 149 Broadway 


Manufacturers of Water Meters and Gas Meters 
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We Send Trial Meters Free 


To Cities and Water Companies desiring 
to Improve their Meter Service 


The Worthington 
Disc Meter 


Is not only accurate and well constructed, but it is made in 
the largest meter factory in the world and by the most 
modern machinery, and embodies twenty years of experi- 
ence. The disc is water balanced, reducing wear to a 
minimum. Sand cannot collect under its bearing and grind 
it out. Friction is further minimized by the greater dis- 
placement per rotation of the disc, which also reduces the 
speed and wear of the gear train. Drop us a letter giving 
the conditions of your service and the number of con- 
sumers connected, and we will be pleased to send our 
Bulletin W112 NE and carry out the conditions of the 
above offer of a trial meter. 


HENRY R. WORTHINGTON 
115 Broadway New York | 
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UNION ROTARY, COLUMBIA, DISC 
and NILO (velocity) WATER METERS 


Water Pressure Regulators 
Waste Stops and Corporations 


UNION WATER METER COMPANY 


WORCESTER, MASSACHUSETTS 


JEWELL 


. 
q | 
OTHE STANDARD ‘GRAVITY AND PRESSURE 
MOR er ewe arren, ya Bles A 
pose Continental, and other Patents. 
ADOPTED BY 263 CITIES. TOTAL DAI,Y CAPACITY, ¢ 
(Write for 
THE NEW YORK CONTINENTAL FILTRATION CO. 
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No. 4 MUELLER 


Wom Corporation 
No. 6 MUELLER an d 
CurbCocks 


Mueller Corporation Cocks are 
made of red brass, carefully 
cored for evenly balanced walls, =, 
keys smoothly ground and pol- )F 
ished into the body. Var 


Mueller Patent Cap Inverted 
Key curb-cocks have the strong- 
est check ever devised. Two 
lugs in the cap operate against 
two lugs on the rim of the cock. —_No. 84 Curb Cock 
When brought together the cock Min. Top Patent Cap 
is certain to be full open or full Be 
closed. 


Corporation and curb cocks in 
all patterns tested 200 pounds 
hydraulic pressure. 
Unconditionally guaranteed. 


TRADE MARK 


MUELLER 
REGISTERED 
H. MUELLER MFC. CO. 
Works and General Offices Eastern Division 
DECATUR, ILL., U.S. A. NEW YORK, N. Y., U.S. A. 
West Cerro Gordo Street 254 Canal Street (Cor. Elm) 


CHICACO BRANCH, 37 DEARBORN STREET 
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ADVERTISEMENTS. xi 


Harold [. Bond C0. 


E. for 


Lead Furnaces, Jute Packing, Calk= 
itsg Tools, and all supplies for 


WATER WORKS CONSTRUCTION 


Send for Price-list 


140 Peart Street . BOSTUN 


Henry M. CLARK. 
Boston Engineers’ Supply Co., 
RUBBER HOSE, BELTING and PACKING, 


OILS and MILL 


SUPPLIES, 


Engine Packings, Grease and Specialties, 
No. 56 PURCHASE STREET, 


BOSTON. 


TELEPHONE, MAIN 4455-2. 


PARAMOUNT CYLINDER OILS. 


SIMPLEX VALVE AND METER COMPANY 


REGULATING VALVE 


Manufacturers of 


METERS 


For Large Pipes 
ALTITUDE VALVES 


For Reservoirs and Standpipes — Non- 
Freezable 


ALTITUDE VALVES 
For Railroad Water Gubs—No Water 


Hammer 


RATE CONTROLLERS 
Loss of HEAD and 
Rate of FLOW GAUGES 


VENTURI TUBES and 
MANOMETERS 


AUTOMATIC AIR VALVES 


For Filters 


112 North Broad St. 


Philadelphia 
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HENRY DOCKER JACKSON WILLIAM R. CONARD 
Consulting Electrical Engineer 322 High St. Burlington, N.J. 


Associate Member American Institute of Elec- Inspections and Tests of Materials 
trical Engineers. Investigation of electrolytic SOUTHERN OFFICE 


troubles and plant economy a specialty. 
Maison Blanche Bldg., New Orleans, La. 


88 BROAD STREET Room No, 626 
BOSTON, MASS. _—‘Tel. Fort Hill 977 978 | ©: HUSTON, C.E., Special Representative 


INFRINGEMENT NOTICE 


Weare obliged to prosecut 
MANUFACTUR- 
ERS and US. 


C.D. Kirkpatrick, Mgr. S. P. Gates, Asst. Mgr. 


Established 1878 sland USERS. 

CLARK METER 

B. F. SMITH & CO. 
Incorporated } GOVERNMENT 


them 

N CRETE METER 
BOX Bodies are made with 
our Iron Form. 

Our _TEKSAGON (no gas- 
ket) Meter Coupling a 
he 

r catalogue. 
t 

Office 38 Oliver Street Boston, Mass. 115 So. 17th St. H.W. CLARK CO, — Mattoon, III 


Artesian and Driven Wells, Foundation Borings 


Engineers and Contractors for Muni- 
cipal and Private Water Works 


GAS POWER Dixon’s Waterproof 
PUMPING ENGINES |GRAPHITE GREASE 


For the lubrication of hydrants, gates, etc. 
Water Works Service s 
spielen end for free sample 
CHARLES A. HAGUE JOSEPH DIXON CRUCIBLE CO. 


52 Broadway . New York City 


New England Water Works Association 


STANDARD SPECIFICATIONS 


FOR 


Cast Iron Pipe 


AND 


Special Castings 


Price 10 Cents 


Address, WILLARD KENT, Secretary 
715 Tremont Temple 


BOSTON, MASS. 
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ADVERTISEMENTS. xiii 


THE A. P. SMITH MANUFACTURING CO. 


NEWARK, N. J. 
Manufacturers of 
Tapping [lachines, Fire Hydrants, Water Gates, 
Economic Lead Furnaces, 
Corporation and Curb Cocks, Brass and Aluminum Castings. 
Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


JOHN FOX NICHOLAS ENGEL 


JOHN FOX @ CoO. 
CAST IRON 
WATER @ GAS PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


253 BROADWAY ~ - NEW YORK CITY 
Postal Telegraph Building 


HIGHEST AWARD, GOLD MEDAL, 
ST. LOUIS EXPOSITION, 1904 


~ 


Over 100 Water Departments 


LEAD-LINED IRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield Mass. 
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AMERICAN ano NIAGARA 
WATER METERS 


WITH 
JEWEL BEARING 


INTERMEDIATE GEARS 


have one model of 
oo high-grade working 
\ parts furnished in dif. 
F | ferently constructed 
Ve 


FEET @/ outside casings and 
\ ee |] fitted with either style 


“CUBIC FEET. 


UFFALO METER 


BUFFALO; 


of dial. Each meter is 

assembled and tested 

with unusual care and 

STANDARD DIAL precision. Their de- 

sign, materials and workmanship insure accuracy, durability and 
satisfaction. 


BUFFALO METER CO. 


290-296 TERRACE, BUFFALO, N. Y. 
ESTABLISHED 1892 


STRAIGHT READING DIAL 


DiISTRIBUTERS FOR NEW ENGLAND 


GEO. E. GILCHRIST CO., 106 HIGH STREET, BOSTON, MASS. 
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We make Pressure Regulating Valves 
: for all purposes, steam or water. 


of your boiler. 


We can interest you if you use a condenser, 


ENGINES Engines for Pumping Organs 
THE Ross VALVE MFG. Co. Standard for pumping church 


TROY, N. Y. Ask your organ builder for 


it or write us. 


NORWOOD ENCINEERING CO. 
FLORENCE, MASS. 
NOTICE—WE HAVE ARRANGED TO MANUFACTURE THE CELEBRATED 


WALKER FIRE HYDRANT 
ONE OF THE BEST HYDRANTS MADE 


MECHANICAL FILTRATION 
PLANS AND ESTIMATES CHEERFULLY SUBMITTED 


CAST IRON PIPE 


FOR WATER AND GAS 
CHAS. MILLAR @ SON CO., Selling Agents 
Main Office, Utica, N. Y. 
Branch Office 176 Federal St., Boston, Mass. 


They set the Pace 


ASHTON POP YALYES , 
and... STEAM GAGES 


Superior in Quality of material and workman- WAN 
ship, and with greatest efficiency and durability, 
they challenge comparison with any others on 
© the market. Send a trial order subject to ap- . 
Lp esis proval ONLY IF SATISFACTORY, and thereby prove the claims made for 
| eee. them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY. 


Secs Tho ASHTON YALYE CO., 271 Franklin Street, BOSTON, MASS. 


$.D. M. J. 


ADVERTISEMENTS. 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 


CUTTING-IN TEES 


Connections economically and eas- 
ily made with one fitting. Saves 
sleeve, cuts, lead and unnecessary 
work and material. 


** Reduced Specials’’ 


Cost of fittings reduced from 25% 
to 50%. Full strength. Deep bells. 
Convenient to handle. Sold by 


the piece. 


Mathews 
Fire Hydrants 


A half century of use has established their reputation as 
being the most economical, durable and simple hydrant. 


Number in use exceeds total of ='! other 
makes combined. 


Gate Valves 


R. D. WOOD & CO. STANDARD 


DOUBLE DISK 
ANTI-FRICTION 
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dia, THELUDLOW VALVE MFG. CO. 


«++ MANUFACTURERS OF .., 


This hydrant is anti-freezing, because when the drainage 
is good no water is left in it to freeze. 
The drip is directly in the bottom of the hydrant and 
drains perfectly. It is protected by its valve, which 
never leaves its socket and cannot be clogged. 


DOUBLE AND FIRE 
SINGLE GATE 

VALVES, HYDRANTS. 
ALSO CHECK 


VALVES. y HYDRANTS. 


OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


D. M. J. 


Coffin Valve Company, 


Boston. Wags. 


Makers of the largest Sluice and Gate Valves in America 


of every size and for every condition 
GATE VALVES CHECK VALVES FIRE HYDRANTS 
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CHAPMAN 


Valve Manufacturing Co. 


General Office and 
Works ¥ ¥ ¥ ¥ 


Indian Orchard 
Massachusetts 


Manufacturers of 


Valves and Gates 


for all purposes “ ¥ Also 


Gate Fire hydrants 


CHARLOTTE, N.C. 


AGENCIE 


BOSTON 
94 Pearl St. 


NEW YORK 
49 John St. 


PHILADELPHIA 
1011 Filbert St. 


CHICAGO 
120 Franklin St. 


ST. LOUIS 
16 S. Twelfth St. 


Thos. B. Whitted & Co. 


PITTSBURGH 
47 Terminal Way 


LONDON 
147 Queen Victoria St. 


PARIS 
54 Boulevard du Temple 


JOHANNESBURG 
South Africa 


MONTREAL, CAN. 
» Jas. Robertson Co., Ltd. 


TURIN, ITALY 
Pietro Ferrero & C. 
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The “COREY” 
FIRE HYDRANT 
MODERN 

SUPERIOR 


DURABLE 


= RENSSELAER VALVES 


ALL SIZES ALL_ PRESSURES 
WATER, STEAM, GAS, OIL, ETC. 


ELECTRICALLY OPERATED VALVES 
Check Valves Air Valves : 
Indicator Posts Valve Boxes \\ee 


CATALOGUE UPON APPLICATION 


if BE Troy, N.Y. WR 


NEW YORK, 180 Broadway awe House Bldg. 


CHICAGO ST. LOUIS, M 
1108-9 Monadnock Block | in Security Bidg. 


Warren Foundry »° Machine C0. Established 1856 


Works at Phillipsburg, New Jersey. ..... 
Sales Office, 111 Broadway, New York. 


Cast Iron Water | . ica 3 to 60 inches 
and Gas Pr | r E in diameter. 


ALL SIZES OF FLANGED PIPE 
“° SPECIAL CASTINGS. 
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Solvay Protective Paints 


FOR 


IRON AND STEEL 
CRYSOLITE 


PROTECTS CORRUCATED IRON and STRUCTURAL STEEL 


HYDRAULIC PAINT 


PROTECTS STEEL WATER PIPE and SUBMERCED STEEL 
ACID RESISTING PAINT 


PROTECTS BLAST FURNACES, SUGAR and PAPER MILLS, &c. 
FROM CORROSION 


Write for Booklet W-44 


SEMET-SOLVAY CO. 
Syracuse, N. Y. Ensley, Ala. New York Chicago 


Are You Getting Full Efficiency 
of Your Water Mains? | 


July 13, 1907 


Fire plug showing increased flow under same pressure 
at Wheeling, W. Va. :: For further particulars address 


National Water Main Cleaning Co., 7’ “New vor 
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LYNCHBURG FOUNDRY COMPANY 


MANUFACTURERS OF 


FOR WATER AND GAS WORKS 


(NEW ENGLAND W. W. ASSOC. STANDARD SPECIFICATIONS) 


LYNCHBURG, VIRGINIA 


EASTERN OFFICE, 220 BROADWAY, NEW YORK 


EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO., 


MANUFACTURERS 


CAST 


IRON 
_PIPE 


«AND 


Special Castings for Water and Gas. 
Also Flange Pipe, Lamp Posts, Street Castings, 
Manhole Heads and Covers, etc. 


__EMAUS, 


JOHN D. ORMAOD. LEHIGH COUNTY, PA. 
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CAST IRON PIPE 


' ALL REGULAR S1zEs, 3 INCHES TO 84 INCHES 


For WATER, GAS, SEWERS, DRAINS, Etc. 


SEND FOR STANDARD SPECIFICATIONS 


RAILROAD AND TURNPIKE CULVERTS 
FLANGE AND FLANGE FITTINGS 


HEAVY CASTINGS 


AND THOSE MADE FROM ORIGINAL DESIGNS 


United States Cast Iron Pipe and Foundry Company 
GENERAL OFFICES, 71 BROADWAY, NEW YORK 
Eastern Sales Office . . . 71 Broadway, New York Pittsburgh Sales Office . . . . Murtland Building 


Western Sales Offices, 638 ““The Rookery,’’Chicago, III. San Francisco Sales Office . . Monadnock Building 
Southern Sales Office. . . . Chattanooga, Tenn. | Philadelphia Sales Office . . Land Title Building 
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DETECTION OF WASTE WATER 


TWO CITIES WHICH SAVED MONEY BY HAVING 
VENTURI METERS 


In the Reservoir Gate House of 
a certain city was placed in 1goo the 
Register of a 30-inch Venturi Meter. Its 
readings showed great waste of water 
and led to the general adoption of house 
meters. The daily per capita consump- 
tion was then 84 gallons; in 1907 it was 
59 gallons. At present only 16% of the 
Venturi’s readings is not accounted for 
by the small meters. : 


One day the Water Department gave the street mains a thorough flush- 
ing out by opening the fire plugs and some underground blow-off connec- 
tions to the sewers. After this flushing, the Venturi Meter showed an increased 
discharge of about 1,500,000 gallons per day, and as this continued for about 
two weeks it was thought that the increased reading was caused by some de- 
rangement of the meter, due to the abnormal flow of the flushing. Neverthe- 
less, because of the meter readings, a five days’ diligent search for leaks was 
made and one of the underground blow-off valves was found ofex. As soon as 
this was closed the meter readings fell off to the previous normal consumption. 

It is altogether probable that water would have poured through this valve 
indefinitely, had it not been for the Venturi Meter. 


. The Register of the to-inch Meter 
at another city is kept in the house 
shown in our illustration. The temperature 
is frequently 30° below zero, but the read- 
ings are not affected. At one time this meter 
registered abnormally large quantities of 
water. A diligent investigation of several 
days showed that a break in the distributing 
pipe was carrying large quantities of water 
directly into the sewer. To those in charge 
of the Water Company there was absolutely 
no indication of this leak except that given 
by the Venturi meter. 


Cities with Venturi Meters soon discover such waste of water. It is 
more than possible that similar losses are taking place in other cities where 
there are no Venturi Meters to give warning. 


BUILDERS JRON FOUNDRY 
PROVIDENCE, R. I. 
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Boston Lead 


Corner Congress and Franklin Streets 


162 Congress St. BOSTON 180 & 182 Franklin St. 


LEAD PIPE AND SHEET LEAD 


Patent Tin-lined Pipe 


Pure Block Tin Pipe 


PIG LEAD 


(Best Brands for Joint Work always in Stock) 


Pig Tin, Wire Solder, Pumps, etc.. 


ALSO 


“Forest River” and “Star” Brands 


PURE WHITE LEAD 
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AGENTS FOR 


VANDA SHEET PACKING 


This packing is adapted to the highest pressures and superheated steam; it can be 
used on pressures up to 300 Ibs. and temperatures of 800° to 1000° Fahrenheit. 
It is naturally well adapted for low pressures and low temperatures. Regularly 
furnished in sheets 44 x 44 feet, or can be supplied if desired in sheets 44 x 9 feet. 


PALMETTO PACHING 


for small valve stems (in spool form). Sizes }, ,';, }; also braided, round and square, 
sizes } to 2 inch. Always soft and pliable. 


“SHOOKUM” PACKING 


Cross expansion piston packing, used with steam up to 150 Ibs. pressure, with hot 
orcold water. 


DANIELS P.P.P. PACKING 
(Regular and Special) 


The packing made of two wedges and a yielding absorbent cushion. In places 
where packings have worn out in a few weeks, P. P. P. has lasted months. 


OILS AND ENGINE ROOM SUPPLIES 


Eagle Oil and Supply Co. 


104 Broad Street, Boston 
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ENGINEERING NEWS 


Founded 1874 


The Leading Engineering Paper 
of the World 
For Engineers, Architects, Draftsmen, Contractors, 


Manufacturers, Purchasing Agents, Government 
and Municipal Officials 


Stands for progress, character and the highest ideals of the 
Engineering profession. 

Covers the broad field of Engineering more comprehensively than 
any similar publication. 

The most ably edited and most widely quoted technical journal in 
the world. 

Nearly 2000 pages of text amply illustrated with photographs and 
drawings, and 450 pages of authentic Construction News notes. 

The principal medium for “Situations Open,” “Situation Wanted ” 
and “ Proposal” advertising. 


A subscription is an investment — not an expense 


SUBSCRIPTION PRICE 
Domestic, $5.00 per Annum Canada, $7.00 per Annum 
Foreign (Regular Edition), $9.00 per Annum 


Foreign (construction News Omitted)» $7-00 per Annum 


A Sample Copy Sent on Request to Any Address. 


Can You Afford to be Without the Most Important Journal 
Devoted to Your Profession ? 


Published every Thursday at 
220 Broadway * ‘ New York City 
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CLASSIFIED .DIRECTORY OF ADVERTISEMENTS (Conc/uded). 


ENGINEERS. 


FIL'TERS AND WATER SOFTENING PLANTS. 
New York Continental Jewell Filtration Co........ 


Ross Valve M’f’gCo.......- 


FPURNACES, ETC. 
H. Mueller Mfg. 
Harold L. Bond & Co. 
The A. P. Smith M’f'g Co... . 

GAS ENGINES. 
National 


GATES, VALVES, AND HYDRANTS. 


* Ashton Valve Co..... 


Chapman Valve M’f’g Co. ... - 
Coffin Valve 
John Fox & Co... 
Ludlow Valve M’f’g Co. .... 
Norwood Engineering Co... . 

Rensselaer M’f’g Co... 

Ross Valve M’t’g Co. ar 


P. Smith M’f'g Co. ... 
Wood &Co......... 


INSPECTION OF MATERIALS. 


Wm. R. Conard. 


LEAD AND PIPE. 
Chadwick-Boston Lead Co. ... 
Lead Lined Iron Pipe Co..... 
METERS. 
Buffalo MeterCo. ... 


Builders Iron Foundry ..... 
Hersey 
National Meter Co......... 
Neptune MeterCo......... 
Pittsburg Meter Co........ 


Simplex Valve and Meter Co. . . 
Thomson Meter Co........- 
Union Water Meter Co...... 
Henry R. Worthington ..... 


METER BOXES. 
H. W. Clark Co... 
Hersey M’f’g Co... .. 


OIL, GREASE, ETC. 
Boston Engineers’ Supply Co. . 
Jos. Dixon Crucible Co. ..... 
Eagle Oil and Supply Co..... 


PACKING. 
Harold L. Bond eevee 
Boston Engi iy Co. . 
Eagle Oil Supply 0 
PAINT. 
Semet-Solvay Co. 


PRESSURE REGULATORS. 
H. Mueller Mfg.Co........ 
Ross Valve M’f'g Co. ...... 
Simplex Valve and Meter Co... 
Union Water MeterCo...... 


Builders Iron Foundry..... 
National Meter Co........ 
R. D. Wood & 


O. 
TAPPING MACHINES. 


H. Mueller Mfg. Co. 
The A. P. Smith M’f’g Co... . 


TOOLS AND SUPPLIES. 
Harold L. Bond & C 
The A. P. Smith 
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PUMPS AND PUMPING ENGINES. 
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